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TRANSFOR MATION GENETIQUE ET REGENERATION 
DE LA BETTERAVE SUCRIERE 
L' invention concerne un procede de transformation 
genetique de cellules vegetales appartenant a l'espece 
Beta vulgaris, suivie even tuel lenient par une etape de 
regeneration de cellules transformees en plante 
entiere. 

L' invention concerne egalement les cellules 
transformees, les bourgeons, les plantes et les 
graines transgeniques susceptibles d'etre produits par 
ce procede. 

L' invention concerne en outre, des plantes 
transgeniques appartenant a l'espece Beta vulgaris , 
resistantes a 1' infection par le virus des nervures 
jaunes et necrotizes de la betterave a sucre (BNYW) , 
exprimant la proteine de capside du BNYW, ou un 
derive de cette proteine. 

Les references bibliographiques apparaissant dans 
la description de 1' invention sont repertories sous 
forme de bibliographie. 

L'obtention de plantes transgeniques met en 
oeuvre le transfert du fragment d'ADN selectionne dans 
la cellule vegetale, la selection des cellules 
transformees de facon stable et la regeneration de 
plantes entieres a partir des cellules selectionnees 
transformees. 

Le probleme technique qui s'est pose lors de 
1' elaboration de la presente invention etait de 
trouver une methode de transformation de cellules de 
betterave presentant une frequence de transformation 
elevee qui pouvait etre associee avec succes a une 
methode de regeneration de plante transgenique . A ce 
jour, une telle methode de transformation et de 
regeneration n'a pas ete decrite, empechant la 
production de betteraves transgeniques presentant des 
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caracteristiques agronomiquement interessantes , telle 
que la resistance a la rhizomanie. 

Actuellement, il existe deux grandes voies de 
transfert d'ADN dans les cellules vegetales. 

La premiere voie est une voie physico-chimique 
(electroporation, microinjection, polycations, canon a 
particules) . Chez la betterave, des cellules 
transformees de maniere stable ont ete selectionnees 
apres electroporation d'un gene codant pour la 
resistance a la kanamycine dans les protoplastes 
(Lindsey et al, 1989) . 

Cependant, ce procede n'a jamais pu conduire a la 
creation de betteraves transgeniques puisque la 
regeneration de plantes a partir de protoplastes n'a 
pu etre obtenue chez cette espece. 

La deuxieme voie de transfert d'ADN est une voie 
biologique utilisant comme vecteur une bacterie du sol 
: Agrobacterium tumefaciens ou rhizoqenes . 

Differentes souches de ces deux especes ont ete 
utilis6es avec succes pour la transformation de 
cellules de betteraves. Ces cellules transformees ont 
donne naissance so it a des tumeurs avec Agrobacterium 
tumefaciens (Krens et al, 1988) soit a des racines 
avec Agrobacterium rhizoqenes (Yacoub et al # 1987). 
Ces tissus trans formes (racines et tumeurs) n'ont 
jamais permis & ce jour la regeneration de plantes 
chez la betterave. Ceci vient du fait que ces deux 
phenotypes sont les resultats de 1 • integration dans le 
genome de la cellule non seulement du fragment d'ADN 
desire mais aussi d'un fragment d^DN de la bacterie 
qui perturbe l f equilibre hormonal de la cellule 
(Akiyoshi et al f 1983). Pour pallier ces problemes, 
ces genes ont ete deletes, dormant de nouvelles 
souches d 1 Agrobacterium dites souches desarmees. 
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L 1 utilisation des souches d 1 Aqrobacterium 
desarmees iinplique 1 'association d'un systeme selectif 
pour la transformation de cellules vegetales. Le 
succes dans l'obtention de trans formants est 
etroitement lie a la mise au point d'un bon systeme 
selectif. Le gene selectif le plus utilise dans ce 
domaine est celui provenant du transposon Tn5 
d 1 Escherichia coli (Rothstein et al # 1981) codant pour 
la neomycine phosphotransferase (NPT II) qui confere 
la resistance a la kanamycine (An et al, 1985) . 

La plupart des vecteurs plasmidiques utilises 
dans ces souches desarmees contiennent dans I'ADN 
transferable, outre le gene desire, le g6ne NPT II, 
sous le contrdle de signaux de transcription vegetaux 
(Bevan, 1984 ; An f 1986). Le systeme de selection 
comprend d'une part le gene conferant la resistance, 
et d' autre part, 1' agent selectif. Ceci impligue de 
determiner les concentrations d' agent selectif 
permettant a la fois de tuer les cellules non 
transformees et de laisser croitre les cellules 
transformees. Les seuls travaux publies concernant la 
selection de cellules de betterave apres 
transformation d f explants pluricellulaires par 
Aqrobacterium font appel a un autre systeme selectif : 
hygromycine B / hygromycine B phosphotransferase 
(Harpster et al, 1988). 

La transformation par Aqrobacterium necessite 
dans un premier temps le choix d'un type de cellule ou 
d'un type d'explant qui va faire l»objet de la 
transformation. Par exemple, des explants tels que des 
hypocotyles, des morceaux de feuilles (Krens et al, 
1988) peuvent etre transformes par Aqrobacterium . 

La frequence de transformation peut varier selon 
le type de cellule ayant fait I'objet de la 
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transformation, cette variability etant souvent d'une 
nature imprevisible. 

Lors de la production d'une plante transgenique , 
la transformation est suivie par un procede de 
regeneration. 

L'efficacite d'obtention des plantes 

transgeniques depend de la frequence de regeneration 
de plantes & partir de cellules transformees d f une 
part, et la frequence de transformation des cellules 
d* autre part. 

Par exemple, la transformation de trongons de 
petioles de betterave a donne des cals transformes 
selectionnes sur kanamycine. Cependant, il n'a jamais 
ete possible de regenerer des plantes a partir de ces 
cals transformes issus de petioles, bien que la 
regeneration d'embryons somatiques et de bourgeons a 
partir de ce type de cal dans I'etat non-trans forme 
ait ete reportee (Tetu et al, 1987). Cet echec n'est 
pas surprenant si on prend en compte la faible 
frequence de regeneration decrite. 

Ceci traduit bien les problemes de regeneration, 
a partir d'explants, de plantes non- transformees, 
rencontres depuis longtemps chez la betterave sucriere 
(Ritchie et al, 1989), Plusieurs auteurs ont decrit la 
regeneration directe de bourgeons adventifs a partir 
de fragments de petioles de plantes en multiplication 
vegetative (Detrez et al, 1988 ; Freytag et al, 1988). 
Bien que ce phenomene se soit avere reproductible dans 
des conditions appliquees par les inventeurs, la 
frequence s'est rev61ee beaucoup trop faible pour etre 
associee a la transformation. D f autres part, il semble 
que ces neoformations proviennent de massifs 
cellulaires non accessibles a la bacterie et 
apparemment peu sensibles a un agent selectif . 
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Une autre technique de regeneration de plantes 
non transformees a partir de cellules de betteraves a 
sucre est celle decrite par Saunders et al (1986). 
Elle met en jeu dans un premier temps, 1' induction de 
cals friables independants d 1 hormones et inities 
probablement a partir des cellules epidermiques du 
limbe, puis dans un deuxieme temps, la regeneration de 
bourgeons et d'embryons somatiques a partir de ces 
cals. Cette technique a ete facilement reproductible 
sur plusieurs varietes de betteraves sucrieres. Un des 
interets de ce processus est la possibility d'obtenir 
aisement des suspensions cellulaires a partir de cals 
friables dont le potentiel organogene peut etre 
entretenu pendant quelques mois. 

Les inventeurs ont decouvert que ce materiel 
organogene, c'est-a-dire les cals friables, peut etre 
utilise, dans des conditions precises, pour la 
transformation par Agrobacterium tumefaciens . 

II y a encore peu de temps la transformation de 
suspensions cellulaires ne paraissait pas concevable 
selon le dogme etabli que le transfert d'ADN par 
Agrobacterium dans une cellule vegetale necessitait 
des lesions cellulaires. Cependant, des auteurs ont 
reporte la transformation de cellules en suspension 
chez le tabac et la carotte (AN, 1985 ; Scott et 
Draper, 1987). A ce jour, la transformation de 
cellules en suspension chez la betterave n'a pas ete 
decrite. Par ailleurs, il est a noter que les methodes 
de transformation qui s'appliquent avec succes a une 
espece vegetale ne peuvent pas etre etendues 
syst6matiquement a d'autres especes. Les conditions de 
transformation, les materiels de ddpart et les milieux 
de culture sont des paramfetres variables specifiques a 
chaque espece. 
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En ce qui concerne la transformation et la 
regeneration de betteraves transgeniques resistantes a 
la rhizomanie, tout progres a ete empeche, par le 
manque d'un procede de production fiable. 

Le virus des nervures jaunes et necrotiques 
de la betterave a sucre (BNYW) est un virus a 
composants multiples, constitue de particules virales 
a symetrie helicoidale, contenant quatre types de RNA 
simple brin, de polarite positive (Putz, 1987). Ce 
virus est dissemine par un champignon du sol, Polymixa 
betae, qui parasite les cellules superficielles des 
radicelles de chenopodiacees , dont fait partie la 
betterave a sucre. Cette chenopodiacee bisannuelle 
reste a l'etat de rosette la premiere annee en dormant 
une racine charnue et sucree, et monte a graine la 
deuxieme annee apres vernalisation. La persistance de 
la maladie dans le sol est due aux kystes formes par 
le champignon (Tamada, Baba, 1973) . 

II est connu que le virus se developpe 
essentiellement dans la partie racinaire (pivot et 
racines secondaires) . Le symptdme principal de la 
maladie consiste en une proliferation du chevelu 
racinaire (d'ou le nom de rhizomanie). Mais le nom du 
virus provient en fait de symptomes plus tardifs 
visibles dans la partie vegetative a savoir : necroses 
et jaunissement des nervures dus au fait que le virus 
se developpe surtout au niveau des vaisseaux 
racinaires, en perturbant ainsi le metabolisme de 
toute la plante (Salle et al, 1986). 

Plusieurs auteurs ont reporte que le virus n'est 
detecte dans la partie aerienne que tres rarement 
alors qu'il est present en grande quantite au niveau 
des racines et du pivot (Putz, 1977 ; Ziegler et al 
1985). ' 
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Le controle des maladies virales des vegetaux 
reste problematique, malgre l'avenement du genie 
genetique vegetal. 

Abel et al (1986) ont introduit un gene codant 
pour la proteine de capside du virus de la mosaique du 
tabac (VMT) dans le genome des plantes naturellement 
sensibles a ce virus. Cette manipulation genetique a 
provoque un retard du developpement de la maladie chez 
les plantes transgeniques. D'autres realisations du 
meroe type ont ete reportees avec d'autres virus ; 

- Alfalfa Mosaic Virus, et Tobacco Rattle Virus, sur 
tabac (Van Dun et al, 1987), 

- Alfalfa Mosaic Virus sur tabac (Loesch Fries et al, 
1987) , 

- Alfalfa Mosaic Virus sur tabac et toroate (Turner et 
al, 1987). 

Deux equipes ont cree des plantes transgeniques 
exprimant des genes codant pour des ARN antisens, 
complement a ires de 1 1 ARN codant pour la proteine de 
capside, et ils montrent que la resistance est 
beaucoup moins importante que celle conferee par la 
proteine de capside (Cuozzo et al, 1988 ; Hemenway et 
al, 1988). 

Enfin, d'autres laboratoires ont cree des plantes 
transgeniques exprimant des genes codant pour des ARN 
satellites. Cette strategie a ete adoptee par Gerlach 
et al (1987) pour le virus des taches annulaires du 
tabac, et par Harrison et al (1987) pour le virus de 
la mosaique du concombre (CMV) . 

Aucun satellite n'etant connu pour le BNYW, les 
inventeurs ont envisage de faire produire aux cellules 
vegetales transformees soit des ARN antisens, soit des 
ARN sens codant pour des proteines virales normales, 
mutees ou deletees, susceptibles d»inhiber le 
developpement du virus. 
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Le procede de transformation de 1' invention 
implique : 

- la transformation de suspensions cellulaires 
habituees, donnant des cals et suspensions cellulaires 
trans formes ; 

- la transformation de suspensions cellulaires 
regenerates donnant des cals, des suspensions 
cellulaires et des plantes transformes ; 

la transformation de cals friables en 
dispersion donnant des cals, des suspensions 
cellulaires et des plantes transformes. 

Plus particulierement, la presente invention 
concerne un procede de transformation de cellules 
vegetales appartenant a l'espece Beta vulgaris 
caracterise en ce qu'il comprend la mise en contact 
d'une dispersion de cals blancs friables dans un 
milieu de culture cellulaire vegetale liquide 
contenant 0 4 environ 3.0 mglf 1 d'une cytokine, ou 
d'une suspension de cals blancs friables dans un 
milieu de culture cellulaire vegetale liquide 
contenant environ 0.1 a environ 3.0 mgir 1 d'une 
cytokinine, avec Agrobacterium contenant un vecteur 
portant un gene destine a etre introduit dans les 
cellules vegetales, suivie de coculture des cellules 
vegetales et des bacteries pour donner lieu a des cals 
friables transformes. Selon un mode de realisation 
prefere de 1' invention, ce procede de transformation 
comprend les etapes successives suivantes : 

I) induction de cals blancs friables a partir 
d'explant ; 

II) dispersion des cals dans un milieu de culture 
cellulaire vegetale liquide contenant 0 a environ 
3.0 mgl- 1 d'une cytokinine, ou obtention d'une 
suspension cellulaire a partir des cals dans un milieu 
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de culture cellulaire vegetale liquide contenant 
environ o.l a environ 3*0 mgl- 1 d ! une cytokinine ; 

III) mise en contact de la dispersion, ou de la 
suspension, avec Agrobacterium tumefaciens contenant 
un vecteur portant un gene destine a etre introduit 
dans les cellules vegetales, suivie de coculture des 
cellules vegetales et des bacteries ; 

IV) lavage des cellules vegetales pour eliminer 
les bacteries et selection des cellules transformees 
sur un milieu selectif ; 

V) culture des cellules transformees 
selectionnees pour obtenir des cals friables 
trans formes. 

La premiere etape de la transformation est 
1' induction de cals blancs friables a partir 
d' explants de betterave. Les explants qui peuvent 
servir dans cette etape peuvent etre par exemple des 
disques de feuilles, des tron?ons de petioles, etc* De 
preference, les explants sont des morceaux de jeunes 
feuilles prelevees d'une plante agee de moins de trois 
mois. 

Par exemple, apres germination de graines de 
betterave d 1 environ un mois, de jeunes feuilles de 3 a 
5 cm de long sont prelevees de chaque plante et sont 
soumises a une etape de des infection et ringage. 
Chaque feuille est ensuite decoupee en petits morceaux 
de 0,25 cm 2 a 1.0 cm 2 . Les feuilles peuvent etre 
prelevees de la plante jusqu'a deux mois environ apres 
les premiers prelevements. Aprfes cette periode, 
I 1 aptitude de regeneration des feuilles diminue. Les 
disques de feuilles sont ensuite mis en culture sur un 
milieu de culture cellulaire vegetale contenant de 0,1 
a 5,0 mgl° cytokinine. De preference, la cytokinine 
est presente a raison d 1 environ 1.0 mgl" 1 et peut etre, 
par exemple, la 6-benzylaminopurine (BAP), la zeatine, 
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ou la kinetine. La BAP est particulierement preferee. 
Le milieu de culture cellulaire vegetale est 
avantageusement le milieu de Murashige et Skoog 
(1962), dit milieu M.S. Les explants sont cultives a 
30 'C environ pendant 30 jours dans l'obscurite, et 
ensuite ils sont sortis en chambre de culture avec une 
photoperiode de 18/24 H par exemple a environ 25 'C le 
jour et 20 *C la nuit. 

De 4 a 10 semaines apres la mise en culture, des 
cals blancs friables apparaissent autour, sur ou sous 
les explants foliaires. 

L'etape suivante du procede de transformation est 
la production d'une suspension cellulaire a partir des 
cals, ou d'une dispersion des cals dans un milieu de 
culture liquide. cette suspension ou dispersion sera 
utilisee ulterieurement pour la transformation. 

La suspension cellulaire est obtenue par mise en 
culture des cals, 4 a 6 semaines apres leur apparition 
dans un milieu de culture liquide additionne de 0,1 a 
3,0 mgr 1 d'une cytokinine, par exemple de la BAP. 
Cette etape de culture dure 2 a 3 semaines et est 
effectuee sous agitation. Le milieu de culture est 
avantageusement le milieu M.S. un milieu 
particulierement prefere est le milieu M.S additionne 
de 1 mgr 1 BAP. Ce milieu sera appele le milieu MSB1 
dans ce qui suit. Sa composition est indiquee dans le 
tableau 3 (voir exemple 9) . 

La suspension cellulaire s'etablit en 2 ou 3 
semaines. Chaque suspension est ensuite repiquee 
toutes les 3 semaines par filtration des suspensions 
sur trois tamis empiles, dormant lieu a trois 
fractions (par exemple > l mm ; > 500 urn, > 100 Mm). 
Une partie de chaque fraction est remise en suspension 
dans du milieu liquide, par exemple le milieu MSB1, et 
ces nouvelles suspensions sont agitees. L' observation 
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des differentes suspensions permet de distinguer la 
presence de deux types cellulaires, notamment : 

- type habitue (A) : suspension fine, verte a 
croissance rapide, et qui regenere ponctuellement des 
formations vitrifiees se developpant dif f icilement ; 

- type noduleux (C) : suspension d'agregats 
compacts jaunatres, a croissance plus lente, regenere 
plus frequemment que la premiere, des structures 
embryonnaires compactes se developpant assez bien. Ce 
type est aussi connu sous le nom "type regenerant". 

En revanche, la production d'une dispersion des 
cals s'effectue par dispersion des cals apparus depuis 
2 a 6 semaines sur les explants, dans un milieu de 
culture liquide contenant 0 a 3,0 mgl* 1 cytokinine, par 
exemple le milieu MSB1. Les deux types cellulaires, 
habitue et noduleux, peuvent aussi etre observes dans 
les dispersions, Les cals en dispersion peuvent etre 
examines avant la transformation dans le but de 
separer les deux types cellulaires, c»est-a-dire 
noduleux et habitue. Un examen visuel des cals permet 
de reperer les deux types qui sont ensuite enleves du 
milieu avec une pince et redisperses. Les suspensions 
cellulaires soigneusement initiees a partir de 
dispersions de cals blancs friables noduleux se sont 
averees etre le materiel ideal pour optimiser 
l'efficacite de la transformation. 

Chacun des deux types cellulaires peuvent etre 
soumis a la transformation mais il est preferable de 
transformer le type noduleux si la regeneration de la 
plante est desiree ulterieurement . 

La suspension cellulaire ou la dispersion des 
cals est ensuite mise en contact avec la bacterie 
Aqrobacterium tumefaciens . 

Le protocole de transformation est le meme, qu'il 
soit effectue sur des suspensions cellulaires ou sur 
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les dispersions. Un echantillon des bacteries dans du 
milieu frais est ajoute a la suspension ou a la 
dispersion des cellules de betterave. La coculture des 
cellules vegetales et des bacteries se fait a 
l'obscurite pendant trois jours environ, en chambre de 
culture. 

L'Agrobacteriura utilise dans la transformation 
contient un vecteur portant un gene destine a etre 
introduit dans les cellules de betterave. Les souches 
utilisees par les inventeurs contiennent des vecteurs 
binaires portant le gene d'interet. Les trois souches 
d'Agrobacterium tumefac^* desarmees utilisees dans 
le travail decrit ici sont lba 4404 (Hoekema et al, 
1983 ; ERA 101 (Hood et al, 1986) ; C58-3 (Dale et al! 
1989). Bien evidemment, le gene d'interet est place 
sous le controle de signaux regulateurs appropries, 
par exemple un promoteur permettant son expression 
dans la cellule vegetale et, le cas echeant, dans la 
plante transgenique regeneree. Le promoteur peut etre 
choisi pour permettre 1- expression specif ique du gene 
dans une certaine partie de la plante, ou a un certain 
stade de son developpement. En revanche, un promoteur 
constitutif peut etre utilise, donnant lieu a 
1' expression ubiquitaire du gene introduit. 

Comme gene, on peut citer des genes codants pour 
des caracteres agronomiques interessants , par exemple 
la resistance aux herbicides, aux insectes et aux 
virus, ou encore un gene induisant la sterilite male. 
La resistance aux herbicides peut etre conferee, par 
exemple par le type de gene decrit par De Block et al 
(1987) et par Bedbrook a1 (1988) # Un g%ne 

susceptible de conferer une resistance aux insectes 
est le gene de la proteine crystalline de B,. 
thiuringiensis ( Perlak et al (1990) ; Vaeck et al 
(1987) ; Fischoff D, et al (1987)) La sterilite male 
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peut etre induite par un gene codant pour un 
ribonuclease, tel que celui decrit par Mariani et al 
(1990) . La resistance aux virus peut parfois etre 
induite par le gene codant pour la proteine de capside 
du virus en question. Par exemple, la resistance au 
virus BWYV peut etre conferee par le gene decrit par 
Gielen et al (1990). Par ailleurs, une protection 
contre le BNYW, responsable de la rhizomanie, peut 
egalement etre induite par ce meme type de gene, Selon 
le procede de 1' invention, ce gene codant pour cette 
proteine de capside peut etre introduit dans des 
cellules de betteraves, conferant ainsi la resistance 
a la rhizomanie. Les vecteurs decrits dans ces 
exemples peuvent etre utilises pour 1 1 introduction de 
ces genes, 

Le vecteur porte egalement un gene codant pour 
une proteine permettant la selection des 
trans formants, par exemple la. n6omycine 
phosphotransferase (NPT II) qui confere la resistance 
a la kanamycine. De plus, un gene "reporteur" peut 
etre introduit dans le vecteur afin de pouvoir 
confirmer le caractere transforme du tissu v6gdtal. Un 
exemple d'un tel gene reporteur est le gene uid A d'E. 
coli codant pour 1« enzyme ^-glucuronidase. Le dosage 
de 1'activite enzymatique de cette proteine se fait 
facilement avec des substrats chromogdnes ou 
f luorescents . 

Apres la coculture des cellules de betteraves et 
des bacteries, une etape de lavage avec un agent 
bacteriostatique est effectue pour eliminer les 
bacteries. Comme agent bacteriostatique, la cefotaxime 
peut etre utilisee. Le lavage peut etre effectue en 
deux etapes, par exemple une premiere fois avec le 
milieu MSB1 contenant 600 mgl* 1 cefotaxime, puis une 
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deuxieme fois dans du milieu MSB1 contenant 300 mgr 1 
cefotaxime. 

Ensuite, la selection des cellules transformees 
est effectuee grace au gene codant pour la resistance 
a 1« agent selectif. Les cellules lavees sont done 
mises en culture pendant une quinzaine de jours sur un 
milieu contenant 1« agent selectif, par exemple la 
kanamycine et 1' agent bacteriostatic^. Les cellules 
vegetales sont ensuite repiquees sur du milieu frais. 

Trois a huit semaines apres la coculture, des 
cals blancs apparaissent. Ces cals transformes 
presentent les deux types cellulaires, noduleux et 
habitue. 

Les cals transformes ainsi obtenus ont, comme 
caracteristique physique principale, qu'ils peuvent 
etre disperses en liquide par une agitation 
relativement douce et cela, des qu'ils ont une taille 
de 3 a 5 mm. D'une maniere surprenante, ces cals 
transformes conservent la nature blanche, friable et 
regenerante qu'ils possedaient avant la 
transformation, et s'averent done etre un materiel 
approprie pour la regeneration de plantes 
transgenics. II est a noter que la transformation 
effectuee sur explants, et non sur cals ( Harpster et 
al f 1988 ), donne lieu a des cals transformes tres 
compacts qui ne presentent pas de caractere friable et 
qui ne sont pas regenerants. 

Quand ils sont suffisamment developpes, les 
cals transformes de 1- invention sont repiques sur un 
milieu MSB1 avec de la cefotaxime et eventuellement de 
la kanamycine. 

D'une maniere surprenante, il a <&te constate 
qu'un mois apres le clonage des cals transformes, la 
kanamycine et la cefotaxime peuvent etre supprimes du 
milieu sans que la bacterie ne se developpe. Ceci peut 
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presenter un avantage pour I'etape de regeneration, 
les cellules n'etant plus en contact avec les 
antibiotiques. 

Apres I'obtention des cals friables transformes, 
la regeneration de la plante transgenique peut etre 
initiee, en commengant par la regeneration de 
bourgeons et/ou d 1 embryons transgeniques. 

Le procede de regeneration de bourgeons et/ou 
d' embryons transgeniques selon 1« invention est 
caracterise par l'obtention de cals friables 
transformes selon le procede decrit ci-dessus, suivie 
du repiquage des cals friables transformes sur un 
milieu de culture, par exemple le milieu M.S, 
contenant 0 a 3,0 mgl" 1 d'une cytokinine et 
eventuellement un agent bacteriostatique et un agent 
select if. Comme cytokinine, on peut citer la zeatine, 
la kinetine et la BAP, par exemple a une concentration 
de 1 mgl" 1 . La BAP est particulierement preferee. 

Des bourgeons et/ou embryons r6gdnferent sur 
certains des cals apres des delais variant d'une 
semaine a plusieurs mois. 

A partir de ces bourgeons et/ou embryons 
transgeniques, il est possible, selon 1' invention, de 
regenerer des plantes par repiquage des bourgeons 
et/ou embryons sur un milieu de culture tel que le 
milieu M.S contenant un cytokinine a faible 
concentration, par exemple entre 0,05 et 0,15 mgl' 1 , de 
preference 0,1 mgl" 1 . La BAP est preferee dans cette 
etape. Les structures regenerees commencent alors a 
developper des feuilles et elles sont remises en 
multiplication vegetative en pots ou boites. Les 
bourgeons les plus developpes sont alors mis sur un 
milieu d'enracinement tel que le milieu MS contenant 
de l f acide naphtalene-acetique, par exemple 1 mgl" 1 . 
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Les racines apparaissent 2 a 6 semaines apres. Les 
plantes peuvent alors etre acclimatees en serre. 

L' invention concerne egalement • la production de 
graines a partir des plantes transgeniques par 
vernalisation de ces plantes transgeniques et recolte 
des graines apres floraison. 

L ' invention concerne egalement les cals friables 
transformes, les bourgeons et/ou embryons transformes, 
les plantes transgeniques et les graines de ces 
plantes susceptibles d'etre produits selon les 
procedes decrits ci-dessus. 

La presente invention concerne egalement la 
transformation genetique et la regeneration de la 
betterave a sucre ( Beta vulgaris ssp saccharifera l 
dans le but de creer des plantes resistantes a la 
rhizomanie. 

Plus particulierement, les inventeurs ont 
transf orme des cellules vegetales par des sequences 
codant pour la proteine de capside du BNYW, ou pour 
des variantes de celle-ci. 

La mise en oeuvre de cet aspect de 1« invention a 
cons is te a : 

- construire par les techniques de recombinaison 
genetique in vitro, des genes artificiels, potentiels 
de resistance au virus des nervures jaunes et 
necrotiques de la betterave a sucre (BNYW : Beet 
Necrotic Yellow Vein Virus) provoquant la rhizomanie, 

- transferer de facon stable ces genes de resistance 
dans des betteraves a sucre. 

Le gene codant pour la proteine de capside du 
BNYW a ete localise et sequence (Bouzoubaa et al, 
1986) . Cependant, il ne pouvait pas etre prevu que 
1' expression de cette proteine dans des cellules de 
betterave inhiberait le developpement du virus. Le 
virus etant transmis par le champignon du sol Polvmixa 
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betae, la voie d' infectabilite n'est pas comparable a 
celle des virus pour lesquels la proteine de capside 
s'est montre protectrice. D 1 autre part, la proteine de 
capside du BNYW est codee par 1 • extremite 5'du ARN2 , 
ce qui veut dire que la proteine peut etre traduite 
dans la cellule infectee immediatement apres 
1' infection. Pour d'autres virus, la proteine de 
capside est codee par un ARN subgenomique et est done 
produite plus tard dans le cycle de 1' infection. Pour 
ces raisons, l'effet protecteur presente par la 
proteine de capside pour d'autres virus vegetaux ne 
pouvait pas etre prevu chez le BNYW. 

De plus, les inventeurs ont constate plusieurs 
phenomenes inattendus : premierement , il a etd observe 
que des cellules transformees par une meme sequence 
codant pour la proteine de capside de 22 Kd 
(nucleotides 145 a 708) et au moins une partie de la 
proteine de 75 Kd qui est composee de la proteine de 
22 Kd fusionnee avec la proteine 54 Kd (nucleotides 
709 a 2218), donne lieu a l'expression de deux 
proteines dans la meme cellule, e'est-a-dire la 
proteine de 22 Kd et une proteine chimerique composee 
de la proteine de 22 Kd additionnee de la partie de la 
proteine de 75 Kd codee par la sequence trans formante. 
Cette expression est le resultat du phenomene de 
"readthrough", le codon "stop" a la fin de la proteine 
de 22 Kd etant parfois supprime dans la cellule par 
des tRNA suppresseurs . II a ete constate que le taux 
d' expression de la proteine chimerique de 
"readthrough" est particulierement eleve, et pourrait 
jouer un role dans la resistance conferee a la cellule 
exprimant les deux proteines a la fois. 

Deuxiemement, les inventeurs ont observe que dans 
des plantes transgeniques les proteines exprimees 
selon 1' invention sont exprimees specif iquement dans 
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les racines, et ce malgr6 1' utilisation de promoteurs 
constitutif s . 

Ce phenomene est tota lenient inattendu et presente 
plusieurs avantages pour la plante. Tout d'abord, les 
cellules cibles du BNYW sont specif iquement 
protegees. De plus, 1' absence d' expression de la 
proteine de capside et de ses derives dans les parties 
aeriennes de la plante, partie qui n'est pas 
susceptible d'etre infectee par le BNYW, represente 
une economie energique importante pour la plante. Par 
ailleurs, 1' expression dans les racines, a 1' exclusion 
de toute expression dans d'autres parties de la 
plante, est un phenomene qui n'aurait pas pu etre 
obtenu en utilisant un promoteur dit "specifique" pour 
les racines. Ce genre de promoteur conduit, en fait, a 
une expression plus importante dans les racines, et 
une expression faible dans les autres parties de la 
plante. Des experiences, effectuees par les 
inventeurs, utilisant un gene marqueur (GUS) ont 
demontre que 1' expression specifique n'est pas du a 
une mauvais fonctionnement du promoteur, puisque le 
produit d' expression du gene GUS est exprimee dans 
toutes les parties de la plante, lorsqu'elle est sous 
le contrdle de ces mimes promoteurs. L' expression 
specifique pourrait etre le resultat de 1 • instability 
de la proteine dans les parties aeriennes de la 
plante, ou a une mauvaise traduction. Ces experiences 
montrent que le promoteur ne semble pas jouer de role 
dans 1' expression specifique. 

II a egalement ete constate que le promoteur 35S 
a une efficacite de transcription de 30 a 50 fois plus 
elevee que le promoteur Nos dans des cellules de 
betterave. 

L' invention concerne des plantes transgeniques 
produisant : 
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- la proteine de capside du BNYW, 

- des proteines de capside modifiees definies 
ci-dessous (acides amines supplementaires, acides 
amines permutes, acides amines deletes), qui 
conservent l'effet protecteur vis-a-vis du BNYW 

- des ARN sens et des ARN antisens de dif ferentes 
tailles et diriges contre differentes regions de 
l'ARN2 du BNYW. 

Plus particulierement, cet aspect de l 1 invention 
concerne une plante transgenique appartenant a 
l'espece Beta vulgaris et resistante a 1» infection par 
le virus des nervures jaunes et necrotiques de la 
betterave a sucre (BNYW), ladite plante etant 
transformee d'une maniere stable par un fragment 
d'acide nucleique, dont le produit d»expression est 
capable de conf^rer ladite resistance, ledit fragment 
etant derive de l'extr£mit6 5 r de 1 v ARN2 genomique ou 
subgenomique du BNYW, ou du cADN correspondant, ce 
fragment codant pour au moins une partie des proteines 
codees par les nucleotides 145 a 3285 de la sequence 
sauvage de l'ARN2, et etant sous le controle d'un 
promoteur permettant 1 'expression du fragment dans les 
cellules de la plante et etant dans 1 1 orientation sens 
ou antisens. 

Dans le contexte de 1» invention, un fragment 
"d6riv6 de l^extremite 5» de 1»ARN2 du BNYW" signifie 
le cADN correspondant, ou une variante capable 
d ! hybrider avec celui-ci dans des conditions non 
stringentes, ou dont le produit d 1 expression pr6sente 
au moins 80 % d'homologie. II est important que les 
variantes presentent la propriete de pouvoir inhiber 
1' infection par le BNYW dans des cellules 
l'exprimant. Par "inhiber", il faut comprendre une 
reduction et un retard significatifs de !• apparition 
des symptomes de !• infection et de la multiplication 
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du virus. Dans des conditions optimales, les symptdmes 
et la multiplication du virus sont elimines 
totalement . 

Comme exemple de fragment d'acide nucleotidique 
prefere, on citera un fragment de l'extremite 5' de 
l'ARN2 genoraique du BNYW ou du cDNA correspondant, 
codant pour au moins une partie de la proteine codee 
par les nucleotides 145 a 2218 du ARN2 ou pour une 
variante de cette proteine presentant une homologie 
d'au moins 80 % et comportant 1« insertion, la 
substitution ou la deletion d'acide(s) amine (s) et qui 
confere une resistance a la rhizomanie aux cellules 
1 'exprimant. 

Un autre exemple d'une plante transgenique selon 
cet aspect de 1' invention est celle dans laquelle 
ledit fragment code pour la proteine codee par les 
nucleotides 145 a 708 et, en outre, pour une partie de 
la proteine codee par les nucleotides 709 a 2218 de 
1-ARN2 du BNYW. Une telle plante transgenique peut 
comporter, selon 1« invention, un fragment qui code 
pour la proteine codee par les nucleotides 145 a 871 
de 1-ARN2 du BNYW, ce fragment pouvant etre compose, 
par exemple, par les nucleotides 91 a 871 de 1«ARN2 du 
BNYW. 

Le fragment transformant peut aussi coder pour au 
moins une partie d'une variante de la proteine codee 
par les nucleotides 145 a 2218, ladite variante se 
distinguant de la sequence sauvage par la presence de 
la sequence Glu Asp Leu Pro qui remplace les acides 
amines His ALa codes par les nucleotides 253 a 258 de 
la sequence sauvage. Par sequence sauvage, il faut 
comprendre la sequence de 1-ARN2 publiee par Bouzoubaa 
et al (1986) , en particulier celle de la figure 2 de 
ladite publication. Cette figure indique la sequence 
nucleotidique ainsi que la sequence d« acides amines. 
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La numerotation des bases utilisee dans cette demande 
est la meme que celle appliquee par Bouzoubaa et al . 

Comme exemples de parties de ce type de variante, 
on peut citer un fragment qui est compose par les 
nucleotides 91 a 871 de la sequence sauvage, les 
nucleotides 253 a 258 de la sequence sauvage etant 
remplaces par ceux codant pour Glu Asp Leu Pro. La 
partie de la variante peut aussi correspondre a celle 
codde par les nucleotides 145 a 255 dans la sequence 
sauvage, les nucleotides 253 a 255 de la sequence 
sauvage etant remplaces par ceux codant pour Glu. 

Encore un exemple d'une plante transgenique selon 
cet aspect de 1' invention est celle dans laquelle 
ledit fragment code pour au moins une partie d'une 
variante de la proteine codee par les nucleotides 145 
a 2218, ladite variante se distinguant de la sequence 
sauvage par la presence de la sequence Arg Ser Ser Gly 
au lieu des acides amines codes par les nucleotides 
637 & 651 de la sequence sauvage, la sequence Arg Ser 
Ser Gly formant le carboxy-terminal de la proteine. 

Plus particuliferement, les plantes transgenigues , 
selon ces aspects de I 1 invent ion, expriment des 
fragments d'acide nucleique consistant en les 
nucleotides 91 a 871 du ARN2 du BNYW ou de la 
sequence cADN correspondante , dans lequel les 
nucleotides 253 a 258 sont eventuellement remplaces 
par GAA GAT CTT CCT, ou dans lequel la sequence GA AGA 
TCT TC a ete inser6e a la position 638, imm6diatement 
apr&s le C en position 637, ou encore les fragments 
Bglll de ces sequences. 

Selon un autre mode de realisation de 
l 1 invention, le fragment transformant peut consister 
en les nucleotides 2078 a 2774 du ARN2 subgenomique du 
BNYW. La proteine ainsi exprimee correspond au NH 2 
terminal de la proteine de 42kDa du BNYW. 
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Des exemples de fragments d'acide nucleique 
transformants particulierement preferes et les 
proteines codees par ces fragments sont illustres dans 
le tableau 1 (voir exemple 6) . 

Parmi ces sequences particulierement preferees, 
on citera la sequence de bases consecutives codant 
pour au moins une partie de la proteine de capside de 
22 Kd (codee par les nucleotides 145 a 708) et, en 
outre, pour une partie de la proteine de 75 Kd (codee 
par les nucleotides 709 a 2218). Un exemple d'une 
telle sequence est celle composee des nucleotides 91 a 
871 du ARN2. ce type de sequence incluant le codon 
stop du 22 Kd donne lieu au phenomene de "readthrough" 
et la cellule exprime ainsi deux proteines a la fois. 

L' invention conceme egaleroent les proteines 
produites par 1' expression de ces sequences, et en 
particulier la proteine de 29 Kd resultant de 
1' expression des nucleotides 91 a 871 du ARN2 , qui est 
exprimee en meme temps que la proteine de capside de 
22 Kd. 

Les promoteurs qui peuvent etre utilises dans les 
plantes transgeniques resistantes a la rhizomanie sont 
tous ceux qui permettent 1' expression de la sequence 
conferant la resistance dans la plante. Les promoteurs 
35S et Nos qui sont, respectivement le promoteur du 
grand transcrit 35S du virus de la mosaique du choux- 
fleur et le promoteur du gene de la nopaline synthase 
sont particulierement preferes. L' utilisation de ces 
promoteurs constitutif s , et en particulier le P 35s, 
donne lieu d'une maniere surprenante a une expression 
specif ique de la proteine protectrice dans les 
racines . 

D'autres signaux de transcription a utiliser avec 
le promoteur sont des terminateurs , par exemple Nos. 
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Les graines des plantes transgeniques resistantes 
a la rhizomanie font egalement partie de cet aspect de 
1* invention. 

Les sequences utilisees dans la transformation 
des plantes de I 1 invention peuvent etre utilisees 
comme sonde nucleique, en combinaison avec des moyens 
permettant une detection de 1' hybridation, pour 
detecter la presence des sequences dans des cellules 
transf ormees. Ceci peut etre utile pour verifier 
I'etat transforms des cellules. 

Cet aspect de 1' invention concerne egalement un 
precede de production de plantes transgeniques 
appartenant a l'espece Beta vulgaris et resistante a 
1' infection par le BNYW, ladite plante exprimant, 
specif iquement dans les racines, une proteine capable 
de conf6rer ladite resistance, ledit procede 
comprenant la transformation, par 1 • interm6diaire 
d'Agroba cterium tumefaciens . de cellules provenant de 
Beta vulgaris avec un des fragments tels que decrits 
ci-dessus, la transcription dudit fragment etant sous 
le controle d'un promoteur constitutif tel que le p35S 
ou le pNos, suivi de la regeneration d'une plante 
transgenique a partir des cellules transf ormees. 

Les differents aspects de 1« invention seront 
illustres par les exemples non limitatifs suivants. 
Ces exemples illustrent notamment : 

- la production de fragments de message genetique 
modi fie ou non du virus du BNYW, par la plante, 

- 1' expression de ces fragments d'ADN d'origine 
virale sous des promoteurs constitutifs (35S ; Nos) , 

- la verification de cette expression par la mise 
en evidence des ARN messagers correspondants dans des 
suspensions cellulaires habituees et transf ormees, 
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- la confirmation de la production dans la mime 
cellule de deux proteines de tailles differentes 
codees par le meme gene : 

* la proteine de capside du BNYW de 22 Kd (188, 
acides amines) 

* la proteine chimerique derivee de la proteine 
de capside, de 29 Kd (252 acides amines), 

- 1 'utilisation des trois souches desarmees 
d'Aqrobacterium tumefacigns poU r la transformation de 
suspensions cellulaires et de cals friables de 
betterave , 

- l'obtention de suspensions cellulaires 
transformantes, induites a partir de cals selectionnes 
sur kanamycine apres transformation de suspensions 
cellulaires habituees, 

- 1 'utilisation de ces suspensions cellulaires 
transformees come modele pour tester 1' expression de 
tout fragment d'ADN place sous le . contrdle de 
promoteurs appropries, 

- 1 'utilisation de ces suspensions cellulaires 
pour tester 1' inhibition de la multiplication virale 
par un gene donne, 

- 1' inhibition de la multiplication du BNYW dans 
des protoplastes issus de suspensions cellulaires 
transformees et produisant les deux proteines de 22 Kd 
et 29 Kd, des protoplastes servant comme modele pour 
tester 1 • infectabilite de la cellule, les cellules ne 
pouvant pas etre infectees directement par les virus, 

- la transformation de jeunes cals friables 
organogenes , 

- l'obtention de cals transforms organogenes 
selectionnes sur kanamycine apres transformation de 
jeunes cals friables organogenes, 

- la possibility de supprimer tres t6t a la fois 
1' agent selectif (kanamycine) et 1' agent 
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bacteriostatic^ (cefotaxime) du milieu de culture des 
cals, 

- le developpement des bourgeons ou embryons 
inities a partir des cals transformes, en plantes 
transformers enracinees, 

- 1» expression dans la plante des genes 
transferes, 

- la mise en evidence de la production des 
proteines 22 et 29 Kd specif iquement dans les racines 
de betteraves transformees, 

- 1' absence de la production de proteines 22 et 
29 Kd dans la partie aerienne des plantes 
transformees , 

- la production de graines transgeniques a partir 
de transfonnants primaires, 

- la mise en evidence de la resistance a la 
rhizomanie des plantules issues des graines 
transgeniques . 

Les figures 1 a 11 et les tableaux l a 3 
illustrent differents aspects de 1' invention, 
notamment : 

Figure 1 : 

Organisation genetique de l'ARN2 du BNYW d'apres 
Bouzoubaa et al, (1986) 

Figure 2 : construction des vecteurs d« expression 
pBIOSl et pBI0S3. 

pBIOSl contient le promoteur (pNos) et le 
terminateur (Nos 3«) du gene de la nopaline synthetase 
separes par un site de restriction BamHI (B) et 
encadres par deux sites EcoRI (E) . 

PBIOS3 est un derive de pBIOSl ou le promoteur 
Nos a ete remplace par le promoteur du transcrit 35S 
(P35S) du Cauliflower Mosaic Virus (CaMV) isole du 
plasmide pJEA25 (don de T. Michael). 
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Abreviations : B, BamHI - E, EcoRI - H, Hind III 

- Hp, HphI - P, Pst I - S, Smal - Sst, SstI - X, XhoII 

- T4 DNA pol, T4 DNA polymerase - K, klenow polymerase 

- E Met, EcoRI Methylase - Ap, Ampicilline - bp, paire 
de base. 

Figure 3 : genes chimeriques codant pour la 
proteine de capside du BNYW et pour la proteine 
chimerique derivee. 

A partir du plasmide pBC2 contenant l'ADN copie 
de l'extremite 5» du RNA2, nous avons isole un 
fragment Dral-Bgl I de 780 bp (position 91 a 871) . Ce 
fragment a ete traite par la T4 DNA polymerase et des 
linkers BamHI ont ete rajoutes permettant son clonage 
au site BamHI des vecteurs d« expression pBIOSl et 
PBI0S3. Les deux plasmides pBloi-iB et pBI03-lB 
obtenus ont le fragment d' ADN en orientation sens. 

Abreviation : B, BamHI - D, Dra I - E, EcoRI - P, 
PstI - Sst, Sst 1 - T4 DNA Pol, T4 DNA Polymerase - 
CAP, depart theorique du transcrit - A+, signal de 
polyadenylation - ATG, codon de depart - TGA, TAA, 
codons stop. 

Figure 4 : construction de pBI01-2B et pBI01-5B. 
Figure 5 : construction des vecteurs de 
transfert. 

Les differentes entites genetiques fonctionnelles 
derivees de pBIOSl et de pBI0S3 sont inserees dans le 
vecteur binaire pGA492. Les derives de pBIOSl sont 
clones au site EcoRI et seuls sont retenus les 
construits orientes dans le sens de transcription 
identique au gene de la neomycine phophotransferase 
(npt) , alors que les derives de pBI0S3 sont inseres 
entre le site SstI et le site EcoRI, et se trouvent 
obligatoirement dans la bonne orientation. 32 
plasmides derives de pGA492 ont done ete obtenus. 
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Abreviations : E, EcoRI - Sst, SstI - npt, 
neomycine phosphotransferase - cat, chloramphenicol 
acetyltransferase - BR et BL, bordures droite et 
gauche du T-DNA - Tet, tetracycline resistance - Kb, 
kilobase. 

Pigure 6 : vecteur binaire pGA-0 -3 -IB. 

Legende : 35S, promoteur 35S du Cauliflower 
Mosaic Virus - 5'Nos, promoteur du gene de la nopaline 
synthase - Nos, terminateur du gene de la nopaline 
synthase. NPT, gene de la neomycine phosphotransferase 
-UID A, gene de la -glucuronidase d'E. coli - BR et 
BL, bordures droite et gauche du T-DNA de pTiT 37 - 
amp, gene de resistance a l'ampicilline - tet., gene 
de resistance a la tetracycline - Kana., gene de 
resistance a la kanamycine - E, EcoRI - H, Hind III - 
S, Sst I - • ,origine de replication du RK2. 

Pigure 7 : analyse par Western blot des 
suspensions cellulaires transformers par le vecteur 
binaire pGA- /5-3-ib. 

Legende : CP, proteine de capside - WT, 
suspension non transformee - 20 ng et 2 ng, 
reconstructions avec les quantites indiquees de BNYW 
0-Glu, ^-glucuronidase - MW, marqueur de poids 
moleculaire. 

En encadre, la structure du gene chimerique 
codant pour la proteine de capside est represents . 
p35S, promoteur du Cauliflower Mosaic Virus - Nos, 
terminateur du gene de la nopaline synthase ; tag, 
codon de terminaison du BNYW : readthrough. - tag, 
codon de terminaison situe dans le terminateur - atg, 
codon d' initiation. 

Pigure 8 : infection de protoplastes de betterave 
par du BNYW F13 (D ,0) et S2 (v) par la methode au 
PEG. (A) represente les resultats obtenus avec du 
virus inactive. 
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Figure 9 : infection de protoplastes de betterave 
par electroporation en presence (?) et en absence ( a )de 
CaCl2 5 mM. Les symboles ouverts correspondants 
representent le pourcentage de protoplastes viables en 
presence (7) et en absence (o) de CaC12 5 mM. 

Figure 10 : profils densitometriques d' analyses 
de RNA extraits de protoplastes infectes isoles de 

lignees exprimant ( ) ou n'exprimant pas ( ) la 

proteine de capside du BNYW. 

Figure 11 : analyse par Western blot d« extraits 
proteiques de 3 betteraves transgeniques a l'aide de 
deux serums : un serum anti-BNYW et un serum anti-0 
-glucuronidase . 

Abreviations : L, limbe ; P, petiole ; R, racine 
; Te, temoin ; S, suspension cellulaire transformees ; 
2ng, 2ng de BNYW purifie ; 14-3, 22-1 et 68-1 
referent a 3 betteraves transgeniques differentes. 

Tableau 1 : les 16 genes de resistance potentiels 
au BNYW avec leurs produits theoriques. 

N.B. : les chiffres entre parentheses referent la 
position des sites de restrictions selon la sequence 
du BNYW ; a represente le linker Bgln additionne. La 
taille des transcripts correspond a la partie du 
messager complementaire du BNYW. 

Tableau 2 : infection par le BNYW de 
protoplastes issus de cellules transformees et non 
transformees. l x 10 6 protoplastes ont ete inocules 
avec 5 pg de BNYW (F13 ou S2) sauf pour 1' experience 
4 oil 1« inoculum consistait de 30 fig de BNYW les 
chiffres representent le pourcentage de protoplastes 
fluorescents detectes 30 h apres 1' inoculation. CP+ et 
CP- sont des lignees cellulaires transformees 
exprimant et n'exprimant pas la proteine capsidaire du 
BNYW. 
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Tableau 3 : differents milieux de culture 
utilises dans le procede de trans format ion et de 
regeneration selon 1' invention. 

EXEMPLE 1 : EXTRACTION DE L'ARN VIRAL 
La multiplication du virus BNYW se fait sur 
Chenopodium ouinoa apres inoculation manuelle, et 
1* extraction se fait a partir de feuilles virosees de 
huit jours selon la technique de Putz (1977) . La 
suspension virale ainsi obtenue est ajustee a 100 mM 
NaCl puis soumise a deux extractions au phenol suivies 
de deux lavages a 1' ether de la phase aqueuse. Les RNA 
viraux sont precipites par addition de deux volumes 
d'ethanol distille et conserves a -20 °C. Le nombre et 
la taille des RNA a ete rapporte par Richards et al 
(1985) . 

EXEMPLE 2 : FABRICATION DU cDNA DU RNA 2 
Richards et al ont montre en 1985 que le RNA 2 
etait un messager efficace pour la synthese de la 
proteine capsidaire. Un ADN complementaire d'une 
partie du RNA 2 a ete synthetise par la methode de Van 
der Werf et al (1981) et clone au site Pst l du 
plasmide pBR322 (Bolivar et al, 1977). Le plasmide 
resultant pBC2 contient un ADN copie correspondant aux 
2938 bases de l'extremite 5' du RNA 2 (Richards et al, 
1985) . 

EXEMPLE 3 : DETERMINATION DE LA SEQUENCE DE 
L'EXTREMITE 5'DU RNA 2 

Grace a la technique de Maxam et Gilbert (1980) , 
et a celle de Sanger (1977) , la sequence du clone pBC2 
a ete determinee. La sequence detaillee est presentee 
dans la publication de Bouzoubaa et al (1986) avec 
1 • organisation genetique du RNA2 schematisee. L'examen 
de cette sequence a confirme la presence de la 
proteine de capside au niveau du ler cistron situe en 
5», le codon ATG de depart etant place a 144 
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nucleotides de l'extremite 5». Cette proteine d'un 
poids moleculaire de 22 Kd comporte 188 codons et se 
termine par un codon ambre UAG. La composition en 
acides amines deduite de la sequence est identique a 
celle de la proteine capsidaire du BNYW determinee 
par C. Putz (1977). Le codon stop (UAG) est 
immediatement suivi d'une phase ouverte ayant une 
capacite codante correspondant a un polypeptide de 54 
Kd. Par la suppression du codon UAG, on peut done 
obtenir une phase de lecture ouverte capable de coder 
pour une proteine de 75 Kd. Ces donnees sent en accord 
avec les resultats obtenus par Ziegler et al (1985) 
montrant que le RNA2 est un messager efficace pour la 
synthese de deux proteines immunoprecipitees par du 
serum anti BNYW et dont la synthese est augmentee en 
presence d'un t.RNA suppresseur. Tous ces resultats 
sent discutes dans la publication de Bouzoubaa et al 
(1986), il est aussi precise gu'une 3eme phase de 
lecture capable de coder in vitro pour une proteine se 
fait a partir d'un ARN subgenomique du RNA2 qui a ete 
mis en evidence et qui peut etre encapside. 

EXEMPLE 4 : CONSTRUCTION DES VECTEURS 
D* EXPRESSION 

Premierement les signaux de transcription du gene 
de la nopaline synthase de la bacterie Agrobacterium 
tumefaciens T 37 ont ete utilises, a partir du 
plasmide pNopneoA 18 construit par Bevan (1983) dont 
la structure est presentee dans la figure 2, celui-ci 
contient la sequence du vecteur de clonage pUC9 
(Vierra et al, 1982) avec un fragment EcoRI-BamHI de 
260 bp et un fragment Hindlll-xhoII (BamHl-Bgll) de 
310 bp. ces deux fragments qui proviennent du plasmide 
tumorigene P TiT37 d ' Agrobacterium tumgf ani ^ T 37 
contiennent respectivement le signal de 
polyadenylation et le promoteur du gene de la nopaline 



WO 91/13159 




PCT/FR91/00170 



31 

synthase. Ces deux signaux de transcription encadrent 
un fragment Bglll-Bam HI de 1000 bp qui contient le 
gene codant pour 1 1 aminoglycoside phosphotransferase 

II ; a partir de ce plasmide, le fragment de 1000 bp a 
ete enleve par digestion menagee avec 1* enzyme de 
restriction XhoII, et les molecules de taille de 3300 
bp environ sont recuperees apres migration sur gel 
d 1 agarose. Apres ligation et transformation dans E. 
coli HB101 (Bolivar et al, 1979) des transformants 
r§sistants a l'ampicilline ont ete selectionnes. La 
majorite de ces techniques sont decrites dans 
"Molecular Cloning. A laboratory manual" (Maniatis et 
al, 1982). Grace A la cartographie a l'aide d' enzyme 
de restriction, les inventeurs ont retenu le plasmide 
pNosANeo, qui possedait un fragment EcoRI-BamHI de 260 
bp et un fragment BamHI-Hindlll de 310 bp. Pour des 
commodites d 1 utilisation de ce plasmide, les 
inventeurs ont remplace le site de restriction Hind 

III par un site EcoRI (details non presentes) et ainsi 
ils ont obtenu le vecteur d 1 expression pBIOSl (figure 
2). 

Un autre vecteur d' expression a ete construit 
dans le cadre de 1' invention. II a la roeme structure 
que pBIOSl, le meme fragment comportant le signal de 
polyadenylation, mais le fragment promoteur a ete 
change. En effet, le fragment Pstl-BamHI comportant le 
promoteur du gene de la nopaline synthase a ete 
remplace par un fragment EcoRI-BamHI de 400 bp 
contenant le promoteur du grand transcrit 35S du virus 
de la mosaique du choufleur (Ca.M.V.). Ce fragment a 
et6 obtenu a partir du plasmide pUC35S qui derivait du 
clonage d'un fragment BamHI-HphI au site Sma I du 
vecteur de clonage pUC13 (Messing, 1983). La source du 
fragment BamHI-HphI etait le plasmide pJEA25 construit 
par T. Michael qui avait preleve un fragment Dde I 
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s'etendant de la position 7069 a la position 7569 du 
CaMV isolat BJ1 decrit par Franck et al (1980). Apres 
avoir modi fie les extremites de ce fragment grace a 
des linkers BamHI, T. Michael l'avait clone au site 
BamHI du plasmide pAT153 (Twigg et al, 1980). Sur la 
figure 2, les differentes etapes de la construction du 
vecteur d« expression pBIOS3 sont schematisees . 

Pour les deux vecteurs d' expression pBIOSl et 
PBIOS3, le site de restriction BamHI est present entre 
les deux fragments d'ADN contenant le promoteur pour 
l'un et pour 1' autre le signal de polyadenylation ; 
cette situation est ideale pour 1« insertion de tout 
DNA etranger qui sera un substrat pour la 
transcription . 

EXEMPLE 5 : INSERTION DE FRAGMENTS CDNA DU BNYW 
AU SITE BAMHI DES VECTEURS D • EXPRESSION 

Le plasmide pBC2 a ete digere par les enzymes de 
restriction Bgll et Dral et ensuite l'extremite 
sortante du site Bgll a ete supprimee par 
1 'utilisation de la DNA polymerase du bacteriophage 
T4. Ce fragment a ete purifie par elution a partir 
d'un gel d« agarose, apres separation 

electrophoretique. Des linkers BamHI ont ete 
additionnes aux extremites de ce fragment, et apres 
une digestion avec un grand exces de 1' enzyme de 
restriction BamHI ; ce fragment de 780 bp a ete incube 
avec les vecteurs pBIOSl et pBIOS3 ouvert au site 
BamHI. Apres ligation, le melange a servi a 
transformer E. coli HB101. Apres un tri effectue sur 
les clones resistants a 1 'ampicilline, 4 plasmides ont 
ete retenus. Les plasmide appeles pBIOl-iB et PBI03-1B 
qui ont le fragment cDNA contenant la sequence codante 
de la proteine de capside sous le controle du 
promoteur Nos pour le premier et pour 1« autre sous le 
controle du 35S (figure 3). 
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Ces plasmides peuvent diriger la fabrication de 
RNA messagers qui une fois traduits, produiront a la 
fois la proteine de capside du BNYW et une proteine 
chimerique de 29 Kd provenant de la suppression du 
codon stop (phenomene de readthrough) . Cette proteine 
de 252 acides amines est composee comme suit : 

- les 188 acides amines de la proteine de 
capside, 

- 53 acides amines de la proteine de 75Kd allant 
de la position 189 a 241 inclus, 

- de 11 acides amines codes par la sequence du 
terminateur de la nopaline synthase qui sont 
respectivement : threonine, glycine, serine, proline, 
isoleucine, leucine, glutamine, threonine, 
phenylalanine, glycine, glutamine. Deux autres 
plasmides ont et6 obtenus, ces plasmides appeles 
pBIOl-lA et pBI03-lA ont le fragment cDNA du BNYW en 
orientation inverse sous le controle des deux 
promoteurs. Ces plasmides pourront diriger la 
fabrication de RNA messagers dits antisens, qui seront 
des messagers complementaires de la partie 5' du RNA2 ♦ 

EXEMPLE 6 : CONSTRUCTION O'UNE FAMILLE DE GENES 
PERMETTANT LA FABRICATION DE PROTEINES DE CAPSIDE DU 
BNYW MODIFIEES ET DE RNA ANTISENS DE TAILLE VARIABLE 

Deux plasmides derives de pBIOl-lB, le plasmide 
PBI01-2B et le plasmide pBI01-5B ont ete construits. 
Les differentes 6tapes de la construction de ces 
plasmides sont presentees dans la figure 4. Brievement 
pour la construction de pBI01-2B, le plasmide pBIOl-lB 
a ete ouvert au site SphI (position 256 du RNA2) les 
bouts "collants" ont ete enleves par l'utilisation de 
la DNA polymerase du bacteriophage T4 (deletion de 4 
bp) et des linkers Bglll de 10 bp ont ete ligases aux 
extremites f ranches ainsi produites. Apres une 
digestion exhaustive avec Bglll, le plasmide est 
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religasd. Apres transformation dans E. coli, le 
plasmide pBI01-2B a ete obtenu ; celui-ci ne contient 
plus de site SphI et a cette position on trouve 
maintenant un site Bglll. Cette manipulation a pennis 
deux choses : premierement, l'obtention d'un site de 
restriction utile pour d'autres constructions 
(extremites compatibles avec celles produites par 
BamHI) et deuxiemement, l'obtention d'une sequence 
codante modifiee qui code pour une proteine de 
capside possedant deux acides amines supplementaires 
et dont deux acides amines sont changes. Le plasmide 
PBI01-5B a ete obtenu par le meme type de manipulation 
mais dans son cas c'est le site Smal de pBIOl-lB 
(position 637 du RNA2) qui a ete modifie par des 
linkers Bglll. Ce plasmide code pour une proteine de 
capside raccourcie de 19 acides amines et dont les 4 
derniers sont modifies. 

En utilisant les sites Bglll et Bam HI de ces 
deux plasmides, les inventeurs ont pu isoler et doner 
dans les deux vecteurs d« expression pBIOSl et pBI0S3 
differents morceaux de cDNA recouvrant l'extremite 3' 
ou l'extremite 5' de la proteine de capside et ceci 
sur des longueurs variables. Une famille de genes 
susceptibles de rendre resistante au BNYW une cellule 
ou une plante fabriquant le produit d'un ou plusieurs 
de ces genes a ainsi ete obtenue. Tous ces differents 
fragments de cDNA sont presentes dans le tableau l 
avec les produits attendus (transcrit et proteine) ; 
la lettre B referant une orientation sens et A une 
orientation antisens. 
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TABLEAU 1 



CODE FRAGMENT cDNA TRANSCRIPT 



PROTEINE 



IB 



780 bp ^ ARN bon sens 



91) 22 Kd (871)7 8 o bp 



2B 



3B 



4B 



5B 



6B 



7B 



8B 



(256 



^4 



ARN bon sens 
780 bp 

ARN bon sens 
3' 165 bp 



ARN bon sens 
5» 615 bp 
ARN bon sens 
780 bp 

ARN bon sens 
5' 546 bp 



ARN bon sens 
3" 234 bp 
70 0 bD bon se ns 

f2078?^T277 4 700 b P 




(637) 



proteine de 
capside de 22 Kd 
(188 acides ami- 
nes) et proteine 
chimerique deri- 
vee 29 Kd (252 
Aa) 

Proteine de 
capside mutee 
(190 Aa) 

36 Aa NH2 terminal 
de la proteine 
de capside 



Proteine de 
capside tronquee 
(169 Aa) 

164 Aa NH2 terminal 
de la proteine de 
capside 



215 Aa NH2 terminal 
de la proteine de 
42 Kd 
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CODE FRAGMENT cDNA 
1 A 



2 A 



3 A 



4 A 



5 A 



6 A 



7 A 



(8701) 



8 A 




(2774) 



TRANSCRIPT 
ARN anti-sens 
(91) 780 bp 

ARN anti-sens 
780 bp 

ARN anti-sens 
5' 165 bp 
ARN anti-sens 
3» 615 bp 
ARN anti-sens 
780 bp 

ARN anti-sens 
5« 546 bp 
ARN anti-sens 
3' 234 bp 
ARN anti-sens 
(2078)700 bp 



PROTEINE 



N.B. : les chiffres entre parentheses reperent la 
position des sites de restrictions selon la sequence 
du BNYW ; v represente le linker Bglli additionne. La 
taille des transcripts correspond a la partie du 
messager complementaire du BNYW. 

Sur ce tableau, il est aussi presente un fragment 
de cDNA s'etendant de la position 2078 a 2774 ; ii 
s'agit d'un fragment Sau 3 A du RNA2 correspondant a 
l'extremite 5'du RNA subgenomique codant pour la 
proteine de 42 Kd (figure lb). Les inventeurs ont 
clone ce fragment dans les vecteurs d- expression 
PBIOS1 et PBIOS3 et ceci dans les deux orientations 
(8B et 8A) . 
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EXEMPLE 7 : INTRODUCTION DES GENES DANS UN 
VECTEUR BINAIRE 

Le vecteur binaire pGA492 choisi a ete construit 
par G. An (1986) ,Ce plasmide a une taille de 12 kb, sa 
carte genetique est presentee dans la figure 5. Ce 
plasmide possede : 

- deux fragments d'ADN contenant les sequences du 
T-DNA du plasmide tumorigene pTiT37, ces sequences 
delimitent la partie transferee et sont indispensables 
au transfert, 

un gene chimerique contenant la sequence 
codante du gene de la neomycine phosphotransferase du 
transposon Tn5 (Rothstein et al, 1981) qui est 
fusionne a un fragment contenant le promoteur du gene 
de la nopaline synthase et les premiers codons de la 
sequence codante de ce meme gene. Ce g&ne chimerique 
est termine par le signal de polyadenylation du gene 
de la nopaline synthase. Ce gene confere. aux cellules 
vegetales le contenant la capacite de se multiplier en 
presence de kanamycine, qui est normalement un 
antibiotique toxique pour celles-ci, 

plusieurs sites uniques de restriction 
permettant le clonage de genes construits in vitro, 

- une origine de replication a large spectre 
d'hote fonctionnant dans E. coli et dans Agr obact er ium 
tumefaciens , 

- une origine de transfert et les genes mob 
necessaires pour le transfert par conjugaison 
bacterienne, 

- un gene de resistance a la tetracycline qui 
permet la selection de bacteries transconjugates, 

- un gene de resistance a la tetracycline qui 
permet la selection de bacteries transconjugantes. 

Sur la figure 5, les inventeurs ont exemplifie 
1 ' introduction de deux genes, les genes portes par 
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PBI01-1B et par P BI03-1B. Tous les fragments de cDNA 
sous le controle du promoteur Nos (pBIOSl derives) 
sont clones au site EcoRl de pGA 492 apres isolement 
des genes respectifs avec EcoRI. Seuls les clones 
presentant les genes dans le meme sens de 
transcription que celui du gene conferant la 
resistance a la kanamycine sont retenus. Pour les 
genes contenant le promoteur 35S du CaMV (pBI0S3 
derives) le clonage s'effectue entre les sites sst I 
et EcoRI de pGA 492 apres digestion des diferents 
plasmides par ces deux memes enzymes. 32 vecteurs de 
tranfert ont ete obtenus, deux de ceux-ci sont 
presentes dans la figure 5, pGA-i-iB et pGA-3-iB. 

EXEMPLB 8 : INTRODUCTION D'UN GENE REPORTEUR DANS 
LE VECTEUR BIN AIRE pGA-3-lB 

La confirmation du caractere transforms d'un 
tissu vegetal s'effectue dans de nombreux cas par la 
mxse en evidence des proteines codees par les genes 
transferes. Dans le cas du vecteur binaire pGA-3-iB 
les inventeurs ont pu doser par des techniques 
immunologics la proteine de capside du BNYW et par 
un dosage enzymatique 1-activite de la neomycine 
phosphotransferase qui confere la resistance a la 
kanamycine. Cependant, ces dosages sont longs et 
delicats et Us necessitent une importante quantite de 
materiel vegetal. 

En 1987, Jefferson et al, utilisent le gene uid A d'E. 
coli codant pour 1- enzyme ^-glucuronidase (gus 
E.C.3.2.2.31) comme gene reporteur. Ce gene sous le 
controle de signaux de transcription vegetaux 
(promoteur 35S du CaMV et terminateur Nos) s'exprime 
tres bien dans les cellules vegetales et 1- enzyme se 
revele tres stable. Plusieurs methodes de dosage de 
l'activite enzymatique de cette proteine sont 
disponibles car il existe differents types de 
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substrats ; en particulier des substrats donnant des 
produits chromogenes et des substrats donnant des 
produits fluorescents. On peut effectuer de facon 
simple et avec peu de materiel vegetal des dosages 
quantitatifs (intensite de la fluorescence) et des 
dosages qualitatifs par histochimie (apparition d'un 
precipite bleu-indigo) . Pour beneficier de ce systeme 
reporteur dans les experiences de transformation, les 
inventeurs ont construit le vecteur binaire 
PGA-0-3-1B. La structure genique de ce plasmide est 
presentee dans la figure 6. Le gene pouvant inhiber la 
multiplication du BNYW est encadre par le gene 
conferant la resistance a la kanamycine et par le gene 
codant pour la ^-glucuronidase. Pour realiser cette 
construction, les inventeurs ont insere au site EcoRI 
du vecteur binaire pGA-3-lB, le plasmide pBI221 
(Jefferson, 1987) ouvert a sont site EcoRI. Le vecteur 
binaire pGA-^-3-iB resultant (d'une taille de 19 kb) a 
6te trans fere dans les souches d' Aqrobacterium 
desarmees (LB A 4404, ERA 101, C58'3) par conjugaison 
triparentale selon la technique decrite par Ditta et 
al (1980). 

EXEMPLE 9 : OBTENTION DE CALS FRIABLES 
REGENERANTS A PARTIR DE FEUILLES 

Des graines de betterave sont semees dans du 
terreau en serre. Ces graines sont issues de la 
variete americaine "REL 1". 

Environ un mois apres la germination en serre, 
les premieres experiences d' induction de cals selon la 
methode decrite par Saunders et al (1986) ont ete 
faites : 

- de jeunes feuilles de 3 a 5 cm de long sont 
prelevees de chaque plante, 

- elles sont desinfectees comme suit : 
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detergent de la marque Domestos 15 % pendant 5 

minutes 

3 rincages a l«eau sterile 
sechage sur papier filtre sterile 

- chaque feuille est ensuite decoupee en 
fragments de 0.25 cm 2 environ, 

- les explants ainsi obtenus sont mis en culture 
sur du milieu MSB1 (Tableau 3) en boites de Petri, 

- les boites apres avoir ete scellees avec un 
film plastigue de la marque Scello-frais sont placees 
a 30 *C a l'obscurite pendant 30 jours, 

- puis elles sont sorties en chambre de culture 
L:D 18:8, 25°C:20*C. 

De 4 a 10 semaines apres la mise en culture, des 
cals blancs friables apparaissent autour, sur ou sous 
les explants foliaires. 

De l a 8 semaines apres 1' apparition de cals des 
bourgeons et/ou embryons commencent a regenerer de ces 
cals. 

TABLEAU 3 ; MILIEU DE CULTURE 
MS : 

Pour 1 litre : 

4.4 g de milieu de Murashige et Skoog 
deshydrates de chez SIGMA ref. M6899. 

Vitamines : 

1 mg panthotenate de calcium 

0,01 mg biotine 

1 mg acide nicotinique 

1 mg pyridoxine HC1 

10 mg thiamine HC1 
30 g saccharose 
pH : 5.8 

Milieu solide : 8 g agar-agar 
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MSB1 : 

MS + 1 mg/1 BAP 
MSBo.l ; 

MS + 0*1 mg/1 BAP 

MS enracinement : 

MS + 1 mg/1 ANA 

Etalement des cellules : 

MSB1 + C = MSB + 300 mg/1 cefotaxime 

MSB1 + CK = MSB + 300 mg/1 cefotaxime + 200 mg/1 

kanamycine 

LB : 

Pour 1 litre : 

10 g bactotryptone 
5 g yeast extract 
10 g NaCl 

EXEMPLE 10 : OBTENTION DE SUSPENSIONS CELLULAIRES 
A PARTIR DES CALS INDUITS 

De 4 a 6 semaines apres leur apparition, les cals 
sont preleves (en evitant toute structure organisee) 
et mis en culture dans 100 ml de milieu MSB1 liquide, 
dans les erlenmeyers de 250 ml fermes avec une feuille 
de cellophane maintenue au col par deux elastiques. 
Les erlenmeyers sont agites a 200 RPM environ dans la 
chambre de culture. 

La suspension cellulaire s'etablit en 2 ou 3 
semaines. Chaque suspension est repiquee toutes les 3 
semaines environ comrae suit : 

- le contenu de chaque erlenmeyer apres 3 
semaines de culture est filtre sur une serie de trois 
tamis empiles (dont les mailles sont de 1 mm, 500 /xm 
et 100 Mm) • Une partie de chaque fraction (>1 mm, 
>500Mm, >100 /im) est remise en suspension dans 100 ml 
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de milieu MSB1 frais en erlenmeyers de 250 ml. ces 
nouvelles suspensions sont a nouveau agitees a 200 
RPM. L 1 observation des differentes suspensions 
cellulaires etablies a partir des differents genotypes 
ont permis de distinguer deux types cellulaires : 

* type habitue (A) : suspension fine, verte a 
croissance rapide, regenere ponctuellement des 
formations vitrifiees se developpant difficilement, 

* type noduleux (C) : suspension d'agregats 
compacts jaunatres, a croissance plus lente, regenere 
plus frequemment que la premiere, des structures 
embryonnaires compactes se developpant assez bien. 

EXEHFLE 11 : TRANSFORMATION DE SUSPENSIONS 
CELLULAIRES ET DE JEUNES CALS 
Suspension cellulaire 

La transformation est faite sur des suspensions 
cellulaires apres 3 semaines de culture, sans 
repiquage. 

Dans un tube plastique, sterile et gradue, on 
recueille une partie de la suspension de maniere a 
avoir 5 ml de cellules tassees dans 10 ml de milieu. 
10 ml milieu MSBl frais sont rajoutes. La nouvelle 
suspension ainsi obtenue est distribute dans guatre 
boites de petri a raison de 5 ml par boite. 

Les souches d ' Agrobacteriuro tumefaciens testees 
sont LBA 4404, EHA 101, C58'l. Chacune de ces souches 
contient des vecteurs binaires portant les genes 
construits (exemples 5 et 6) et plus particulierement 
le vecteur pGA-^-3-lB (exemple 8). 

Les souches bacteriennes sont conservees a -20 'C 
dans 15 % de glycerol. 50 nl de chaque souche sont 
preleves et mis en culture dans 2 ml de milieu LB + 
rifampicine + tetracycline. Les cultures sont agitees 
a 200 RPM a 30 *C pendant 2 jours. Chaque souche est 
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repiguee dans du milieu frais et cultivee dans les 
conditions decrites plus haut pendant une nuit. 

Quand les bacteries sont ainsi pretes, 
1* infection des cellules vegetales est faite : 

- 50 /il de chaque souche poussee une nuit sont 
preleves et ajoutes a une des boites de Petri 
contenant les cellules de betteraves decrites plus 
haut 

- la coculture des cellules de betterave et des 
bacteries se fait a l»obscurite pendant 3 jours en 
chambre de culture 

Apres ces 3 jours, des cellules vegetales sont 
lavees pour eliminer la bacterie, une premiere fois 
avec du MSB1 + 600 mg/1 de cefotaxime 
(bacteriostatic^ ^ inhibant la croissance 

d'Aqrobacterium) , puis une deuxieme fois dans du 
milieu MSB1 + 300 mg de cefotaxime 

- les cellules ainsi lavees sont mises en culture 
sur un disque de papier Whatman stdrile d6posd sur du 
milieu MSB1 + CK (tableau 3), en boites de Petri (la 
kanamycine est 1' agent selectif permettant aux seules 
cellules transformees de se developper) . Les boites 
sont scellees avec du scello-frais et mises en chambre 
de culture. 15 jours apres , les filtres portant les 
cellules vegetales sont repiques sur du milieu frais 
MSB1 + cefotaxime + kanamycine 

- 3 a 8 semaines apres la coculture, des cals 
blancs apparaissent sur un lit de cellules mortes, 

Quand ils sont suffisamment d^veloppes, ces cals 
sont repiques soit sur milieu MSB1 + CK ou MSB1 + C ; 
la plupart des cals poussent sur les deux milieux, Un 
test histochimigue (Jefferson, 1987) pour deceler 
l'activite de la proteine codee par le gene de la p- 
glucuronidase dans les cellules de ces cals, a permis 
d'evaluer a environ 80 % le taux de cals positifs pour 
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ce test. Ceci confirme done le caractere transgenique 
de la plupart des cals obtenus. 

Le fait de cultiver ces cals sans 1' agent 
selectif (kanamycine) ne semble pas modifier 
1* expression du gene GUS. De plus, apres un mois de 
culture sur milieu avec cefotaxime, les cals peuvent 
etre sevres de cet antibiotique sans que la bacterie 
se developpe sur le milieu. 

Done, un mois apres le clonage des cals, on peut 
se passer d' a j outer les deux antibiotiques dans le 
milieu de culture, sans inconvenient apparent. Ceci 
peut representer un atout pour la regeneration. 

Dispersion de cals nouvellement induits 

Au lieu de transformer des suspensions 
cellulaires induites depuis plusieurs mois (et ayant 
hypothetiquement perdu de leur potentiel de 
regeneration), de jeunes cals fraichement induits 
d'explants foliaires (Saunders et al, 1986) etaient 
transformes. Le potentiel organogene de ces cals 
trans formes pouvait ainsi etre investigue. 

Pour tester cela, des cals juste apparus depuis 2 
a 6 semaines sur feuilles de serre ont ete preleves. 
Ces cals ont ete disperses dans un milieu MSB1 liquide 
en tubes plastiques steriles, et le meme protocole de 
transformation que pour les suspensions cellulaires a 
ete applique. Des cals transformes ont ainsi ete 
selectionnes par cette voie. 

EXEMPLE 12 : EXPRESSION DES GENES POUVANT INHIBER 
LE DEVELOPPEMENT DU BNYW DANS DES CELLULES DE 
BETTERAVE 

Les inventeurs ont transforms des suspensions 
cellulaires habituees de betteraves avec tous les 
genes construits presentes dans les exemples 5 et 6. 
Pour chacun de ces genes plusieurs suspensions 
cellulaires transformees ont ete initiees et cultivees 
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en presence de Jcanamycine 200 mg/1. A partir de 10 g 
de cellules transformees soumises a 1' action de 
cellulases et de pectinases, soit les ARN totaux, soit 
les proteines solubles totales ont ete isoles. 

Pour 1' extraction des ARNs la technique utilisant 
1 ' isothyocyanate de guanidium decrite par Ausubel et 
al (1987) s'est revelee la plus efficace sur ces 
cellules aux parois digerees. Les ARN totaux ont ete 
analyses par Northern blot selon Maniatis et al 
(1982). Pour 1 'hybridation des ARN totaux contenant un 
ARN message derive du gene de la proteine de capside, 
les inventeurs ont utilise comme sonde le fragment 
BamHI de 780 paires de bases du plasmide pBIO-3B. Pour 
ceux exprimant un ARN messager derive du gene codant 
pour la proteine de 42 Kd, le fragment EcoRI de 1330 
paires de bases du plasmide pBIO-3-8B a ete utilise 
comme sonde. Le marquage radioactif de ces 2 sondes 
grace a de l'ATP (P32) s f est fait par. la technique 
dite de 1 • "Oligonucleotide Primed Synthesis" (Ausubel 
et al, 1987) . 

Les resultats obtenus ont permis aux inventeurs 
de verifier la presence de tous les ARN messagers 
attendus, ce qui raontrait la f onctionnalite des genes 
chimeriques construits. Ces messagers ont une taille 
correspondante a celle indiqude dans le tableau 1 
majoree de 200 nucleotides environ. Ces nucleotides 
supplementaires situes a I'extremite 3' du mRNA sont 
dus a la partie transcrite du terminateur Nos jusqu'au 
signal de polyadenylation et a la queue de poly-A. II 
a aussi ete observe que le promoteur Nos a une 
efficacite de transcription de 30 a 50 fois plus 
faible que le promoteur 35S dans des cellules de 
betteraves. Ces resultats sont comparables a ceux 
obtenus sur le tabac et la tomate par Sanders et al 
(1987) . 
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Bien que la transcription de tous les genes ait 
ete verifiee, il etait necessaire de voir si la 
traduction et la production de la proteine de capside 
et de la proteine chimerique de 29 Kd a ete obtenu 
dans le cas du vecteur binaire PGA-0-3-1B. Pour cela 
il a ete realise un western blot (Ausubel et al, 
1987)) sur des proteines solubles extraites a partir 
de differentes suspensions cellulaires trans formees 
(tampon d« extraction : uree, 9M ; /9-mercaptoethanol , 
7,5 %, SDS, 4,5 % ; P H : 6,8). Les resultats sont 
presentes dans la figure 7 ? la partie superieure du 
filtre a ete revelee avec des anticorps polyclonaux 
anti ^-glucuronidase et la partie inferieure par des 
anticorps polyclonaux anti-BNYW. La ^-glucuronidase 
est presente dans la majorite des suspensions 
transformees (bande immunoreagissante 68 Kd) . Dix 
suspensions sur les 11 testees presentent une bande 
immunoreactive commigrant avec la proteine de capside 
du BNYW ainsi qu'une bande d'un poids moleculaire 
d'environ 29 Kd. L'expression de ces deux proteines 
est de l'ordre de 0,005 a 0;01 % des proteines 
solubles totales ; cette quantite atteste de la bonne 
efficacite de traduction du messager produit. il est a 
noter que la quantite de 29 Kd est particulierement 
elevee dans la majorite des transformants et peut etre 
superieure a celui de la proteine de capside. Le taux 
de readthrough dans les suspensions cellulaires 
habituees semble etre superieur a celui observe dans 
des racines de betteraves pour le RNA2 (Ziegler et al, 
1985) et sur des betteraves transgenics (exemple 
15). 
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EXEMPLE 13 : TEST DE RESISTANCE IN VITRO 
Isolement et purification de protoplastes de 
betterave 

Cinq jours apres le repiquage, 2 ml de suspension 
cellulaire tassee sont digeres dans 20 ml d 1 enzymes 
caylase. La composition du cocktail enzymatique est la 
suivante : 0.25 %, 345 S ; 0.25 % T ; 0.08 % M 2 L 
dissout dans du mannitol 0.7 M contenant 0.08 mM 
NaH2P04, 0.03 mM MES et 0.68 mM CaCL2. La pression 
osmotique est ajustee a 760 mOsmole/Kg et a pH 5,8. 
apres 16 a 18H00 de douce agitation (30 oscillations 
par minute) a l'obscurite et a 24 *C, la suspension est 
filtree sur tamis de 100 et 50 juq respectivement . Le 
filtrat est additionne d'un volume egal d'une solution 
iso-osmotique de KC1 a 470 mM et les protoplastes sont 
sedimentes a 50 g pendant 5 minutes. Le culot est 
repris dans du saccharose isoosmotique a 570 mM et 
centrifuge a 50 g pendant 15 minutes.. L'anneau de 
protoplastes est preleve, soumis a une deuxifeme 
centrifugation dans du saccharose, qui, sedimente, est 
lave deux fois dans du mannitol a 760 mOsmoles/Kg. La 
viabilite des protoplastes est quantifiee par 
coloration au diacetate de fluoresceine (Widholm, 
1972). On s' assure que la digestion est complete par 
l 1 absence de coloration de paroi du calcofluor. 

L 1 utilisation de gradients iso-osmotiques mais de 
densites dif ferentielles a permis d*obtenir des 
preparations de protoplastes a tres hauts renderaents 5 
x 10 6 protoplastes par ml de cellules tassees et 
completement debarrases de d6bris cellulaires. En 
moyenne, 90 % des protoplastes sont viables. 
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Culture des protoplastes i soles de Pilules non 
trans formees et trans formees 

Le milieu de culture des protoplastes est un 
milieu de macro et micro elements de Murashige et 
Skoog (1962) oil le NH 4 N0 3 est diminue de moitie et 
additionne de : 

lg/1 hydrolysat de caseine 

30 g/l saccharose 

7,7 mg/1 glycine 

1,3 mg/1 d'acide nicotinique 

0,25 ng/1 pyridoxine 

0,25 n/1 Thiamin-HCI 

400 mg/1 glutamine 

25 mg/1 glucosamine 

1 mg/1 6 benzyl amino purine 

1 mg/1 acide indole acetique. 

La pression osmotique est ajustee a 760 
mOsmole/kg avec du mannitol et le p H a 5,8. Le milieu 
de culture est sterilise par filtration. 

Des protoplastes ont ete isoles a partir de 
suspensions cellulaires transformees et non 
transforms. Us ont ete mis en culture dans le 
mxlieu ci-dessus en presence et en absence de 
kanamycine a 200 mg/1 afin de calculer 1'efficacite 
d'etalement. Les resultats demontrent que i es 
protoplastes isoles a partir de cellules non 
transformees ne survivent pas sur milieu selectif 
contenant 200 mg/1 de kanamycine. Ceci est en accord 
avec I- absence d • echappement dans les experiences de 
transformation. Aucune difference significative n'a 
ete trouvee entre les efficacites d'etalement de 
protoplastes issus de cellules transformees en 
presence et absence de kanamycine. Ceci confirme done 
1' absence de cellules non transformees au sein des 
lignees transformees. Lors d • experiences comparatives 
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qui seront decrites ci-dessous, les protoplastes issus 
de 4 types de lignees cellulaires (07 et £14 exprimant 
la 22 Kd et la 29 Kd, WT, non trans formees et 0 D 
transformee par le vecteur binaire pGA492) seront mis 
en culture en absence de pression de selection. 

Infection de protoplastes de betterave par le 

BNYW 

L* optimisation de la technique d' infection s'est 
effectuee sur des protoplastes issus de cellules non 
transfonnees. Les inventeurs se sont inspires de la 
technique d' infection par le polyethylene glycol 
decrit par Samac et al (1983) et de celle par 
electroporation decrite par Watts et al (1987) . Afin 
d'obtenir des taux eleves d' infectivite, il etait 
imperatif d'utiliser des preparations de protoplastes 
depourvues de debris, ayant des taux de viabilite 
superieurs a 90 % ainsi que des preparations de virus 
agees de moins de deux semaines. 

La frequence d 1 infection a ete determinee par 
immunofluorescence par une technique indirecte decrite 
par Maule et al (1980). Les protoplastes infect^s ont 
une fluorescence vert clair caracteristique, dispersee 
dans le cytoplasme ; les protoplastes non infectes 
sont marron teme. La figure 8 presente les resultats 
de 4 experiences d 1 infection de protoplastes de 
betterave par la technique au polyethylene glycol. II 
a ete constate qu'apres 24 heures de culture environ 
60% des protoplastes sont infectes. Ce pourcentage 
n'evolue pas de fa<?on significative pour des durees de 
culture superieures a 24 h. L* infection s'est done 
realisee de fa?on quasi-synchrone. Cette figure montre 
aussi que du virus inactive par congelations et 
decongelations r§petees ne se replique pas dans les 
protoplastes de betterave. Dans toutes les 
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experimentations effectuees, en moyenne 50 % des 
protoplastes sont infectes. 

Les inventeurs ont reussi a introduire des 
particules virales du BNYW en utilisant des 
impulsions electriques (technique d'electroporation) . 
Les inventeurs se sont inspires de la technique 
decrite par Watts et al (1987) et ont utilise un 
electroporateur a decharge de capacites (Guerche et 
al, 1987) . 

L' optimisation de la technique s'est faite en 
faisant varier la duree d' impulsion delivree par des 
condensateurs de differentes capacites et la 
resistivite du milieu d'electroporation. C'est ainsi 
que les inventeurs ont vu que deux impulsions de loo 
ms delivrees a 15 sees d'intervalle par des 
condensateurs de capacite 63 nF charges a 220 V a 1 x 
10 6 protoplastes remis dans du mannitol contenant du 
CaCl2 a 5 mM en presence de 5 /ig de BNYW permettaient 
d' avoir un taux de 55 % de protoplastes infectes. 
L- omission du CaC12 resulte en une diminution de 
l'infectivite d'un facteur 3, bien que la viabilite 
des protoplastes soit augmentee d'un facteur 2. Ceci 
est illustre sur la figure 9. 

Infection de protoplas tes de betteraves inmn h c 
cellules transfor mees et non transformers 

Afin de determiner si la proteine capsidaire (22 
kD) du BNYW et la proteine derivee (29kD) produite 
dans les cellules de betterave pouvait inhiber la 
multiplication du virus, les inventeurs ont inocule 
des protoplastes issus de cellules exprimant ou 
n'exprimant pas ces proteines par le virus. Les 
experiences ont ete realisees par les techniques au 
PEG et par 1 'electroporation. L' infection a ete 
visualisee par immunofluorescence des cellules 30 
heures apres culture. II n 'a pas ete decele de bruit 
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de fond en immunofluorescence dans les cellules 
transformees et exprimant la proteine capsidaire avant 
inoculation. 

TABLEAU 2 : infection par le BNYW de protoplastes 
issus de cellules transformees et non transformees. 



Source protoplastes 
Non Transforms Protection 

trans forme CP* CP" (%) 



Experience Pll 07 014 0D 



1 


30 




1 




97 


2 


68 




10 




85 


3 


70 




4 




94 


4 


27 




1 




96 


5 


35 


5 






86 


6 


25 


2 






92 


7 


37 


10 




36 


73 


8 




12 




48 


75 



1 x 10 6 protoplastes ont dte inocules avec 5 
Hq de BNYW (F13 ou S2) sauf pour 1' experience 4 oil 
1' inoculum consistait de 30 /ig de BNYW les chiffres 
representent le pourcentage de protoplastes 
fluorescents detectes 30 h apres 1 1 inoculation. CP+ et 
CP- sont des lignees cellulaires transformees 
exprimant et n' exprimant pas la proteine capsidaire du 
BNYW. 

Le tableau 2 resume les resultats obtenus avec deux 
lignees cellulaires (07 et 014) exprimant fortement 
deux proteines, et la lignee cellulaire transfonnee 
(0D) et la lignee cellulaire non transfonnee WT. Dans 
tous les cas, le pourcentage de protoplastes infectes 
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isoles de cellules transformees 07 et £14 est 
signif icativement plus faible que celui des 
protoplastes de cellules non transf orm6es. Les 
experiences 7 et 8 prouvent bien que la protection est 
bien due a la presence des proteines 22 Kd et 29 Kd, 
car le taux d 1 infection de protoplastes issus des 
cellules de la lignee pD est comparable & celle des 
cellules non transformees. Done le processus de 
transformation en lui-meme ne confere pas de 
protection a 1' infection par le virus, L 1 expression de 
proteines 6trang£res, autres que celles du BNYW ne 
confere pas non plus la protection a 1 1 infection par 
ce meme virus. La protection n'est pas abolie lorsque 
I'on augmente la concentration du virus presente dans 
I 1 inoculum. Les profils densitometriques (figure 10) 
des RNA totaux (isoles de protoplastes 014 et WT 
infectes) et hybrides avec une sonde cDNA total centre 
les 4 RNA de BNYW montrent que ceux-la ne se 
repliquent pas dans les protoplastes exprimant la 
proteine capsidaire du virus. La protection a aussi 
ete observee lorsque 1 1 inoculation a ete effectuee par 
electroporation indiquant que la protection est 
ind^pendante de la methode utilisee pour 
1 1 inoculation • 

Ces result at s demontrent pour la premiere fois 
que des protoplastes de better ave exprimant la 
proteine capsidaire virale du BNYW et la proteine 
chimerique derivee sont proteges contre 1* infection 
par ce meme virus. 

EXEMPLE 14 : REGENERATION DE PLANTES A PARTIR DE 
CALS TRANFORMES 

Apres un premier passage d'un mois sur M.SB1 + C 
ou MSB1 + CK, les cals tranformes sont repiques tous 
les mois sur MSB1. Apres des delais plus ou mo ins 
longs, variant d f une semaine a plusieurs mois, des 
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bourgeons et/ou embryons regenerent sur certains de 
ces cals. 

II a ete observe qu 1 apres transf ormation les cals 
ont le meme phenotype que la suspension de depart. 
C'est-a-dire que le type noduleux ou habitue se 
retrouve apres la transformation. En outre , il semble 
que ce soit les cals tranformes de type noduleux qui 
aient la plus grande aptitude a la regeneration. lis 
permettent la regeneration de plusieurs structures se 
developpant assez bien et vite en plante, alors que 
les structures obtenues sur les cals habitues 
trans formes sont tres rares, longues et tres 
difficiles a se developper en plante. 

Les structures regenerees sont tres heterogenes 
morphologiquement. Ellles sont repiquees, apres avoir 
ete coupees a la base au scalpel, sur le milieu MSB0.1 
en boites de Petri* 

Quand les bourgeons commencent a developper 
plusieurs feuilles, ils sont remis en multiplication 
vegetative en pots ou boites. Les bourgeons les plus 
developpes sont alors mis en enracinement sur MS + ANA 
1 mg/1 (ANA : acide naphtalfcne-acetic) . Les racines 
apparaissent de 2 a 6 semaines apres. 

Des que les racines sont suffisamment 
developpees, les plantes sont acclimatees en serre 
dans du terreau universel. Au bout de 3 mois, les 
plantes sont bien developpees (voir photo) et ont 
perdu la plupart des variations phenotypiques dues a 
la culture in vitro. 

EXEMPLE 15 : EXPRESSION DE LA PROTEINE DE CAPSIDE 
ET DE LA PROTEINE CHIMERIQUE DERIVES DANS LES 
BETTERAVES TRANSGENIQUES 

Bien que sachant les betteraves transgeniques , 
grace aux tests de detection du gene codant pour la 
^-glucuronidase, il n*etait pas certain que le gene 
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interessant, a savoir celui codant pour les proteines 
de capside du BNYW, etait bien exprime dans ces 
plantes. Pour le savoir, il faut detecter ces 
proteines dans les tissus de betterave transformees. 
Pour detecter les proteines dans les transf ormants, il 
a ete fait appel a la technique de Western blot 
(Ausubel et al, 1987). Celle-ci consiste a faire 
migrer les proteines solubles extraites de broyat de 
tissus des transf ormants , sur gel de polyacrylamide en 
conditions denaturantes (Laemmli, 1970) . Les proteines 
ainsi separees sont tranferees par electrotransfert 
sur une membrane de nitrocellulose. Cette membrane est 
ensuite hybridee avec des anticorps polyclonaux de 
lapins diriges contre le BNYW. La revelation se fait 
par addition d' anticorps anti-lapin conjuges a la 
phosphatase alcaline, qui utilise des substrats 
chromogenes. La figure 11 montre le type de resultats 
obtenus. Les extra its de betterave transgeniques 
contenant le gene codant pour les proteines de capside 
montrent une bande immunoreactive migrant au meme 
niveau que la proteine de capside du virus. Cette 
bande n'est pas presente dans les extraits de plante 
non transformees. De plus, dans les extraits de plantes 
transformees, on detecte une bande 4 29 Kd 
correspondant a la proteine chimerique derivee de la 
22 Kd par addition de 64 acides amines, due au 
"readthrough" (exemple 5). Ces deux proteines de 22 et 
29 Kd n'ont pu etre detectees que dans des extraits de 
racines de transf ormants et pas dans les feuilles. La 
figure 11 illustre done 1» expression specif ique, dans 
les racines de betteraves transgeniques, des proteines 
de 22kD et de 29kD, malgre 1 'utilisation d'un 
promoteur constitutif. La fonctionnalite du promoteur 
dans les parties aeriennes de la plante est confirmee 
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par 1' express ion du gene marqueur GUS dans tous les 
tissus. 

Le BNYW se transmet et se developpe au niveau 
des racines, il est done avantageux que les proteines 
susceptibles d , 1 inhiber le virus soient presentes dans 
ces organes. 

EXEMPLE 16 : OBTENTION DE G RAINES DE BETTERAVES 
TRANSGENIQUES 

Apres 2 a 3 mois d'acclimatation en serre des 
plantes transgeniques, il a ete constate qu'elles 
etaient phenotypiquement conformes a la plante mere, A 
ce stade les plantes possedent de 10 a 15 feuilles 
tres bien developpees, et sont tou jours a l'etat de 
rosette. Pour savoir si les plantes obtenues sont tout 
a fait normales et notamment fertiles, et si le gene 
introduit est transmis a la descendance, les plantes 
ont ete vernalisees pour induire la montee a graine. 
Les transformants primaires sont done places entre 2 
et 7 # C h l'obscurite pendant 3 mois, puis en champs en 
periode de jour long. Un mois a un mois et demi apres 
la mise en champ, la hampe florale commence a monter. 

La f loraison a lieu trois mois environ apres la 
sortie de vernalisation, et les fruits sont nrilrs deux 
mois apres. 

Quand les glomerules sont bien sees, ils sont 
recoltes et nettoyes. Les graines sont ainsi pretes a 
etre semees. 

EXEMPLE 17 : APPLICATION DE LA METHODE DE 
L' INVENTION A DIFFERENTES VARIETES DE BETA VULGARIS : 

Les methodes de transformation et de regeneration 
decrites dans les exemples 9 a 14 ont ete appliquees a 
des suspensions cellulaires et a des dispersions de 
cals blancs friables issues de plantes provenant d'une 
variete "elite" (variete parente d f hybrides 
commerciaux) . 
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Des plantes transgeniques exprimant la proteine 
de capside du BNYW ont ete obtenues. Cette expression 
etait specif ique dans les racines. La variete "elite" 
ayant un environneiaent genetique different des autres 
varietes transformees, 1* expression specif ique semble 
etre alors conservee dans I'espece Beta vulgaris . 

La reproductibilite de ces techniques a ete 
verifiee en appliquant les methodes de transformation 
et de regeneration de 1* invention a d* autres varietes 
et en d 1 autres sites geographiques par une autre 
equipe d ' exper imentateurs . Dans chaque cas, des 
plantes transgeniques ont ete obtenues. 

EXEMFLE 18 : AUTOFECONDATIONS ET CROISEMENTS DES 
PLANTES TRANSGENIQUES RES I S TANTES A LA RHIZOMANIE 

Des graines transgeniques ont ete obtenues a la 
fois sur des autofecondations des plantes transformees 
et sur des croisements de ces memes plantes avec trois 
autres lignees de betteraves males steriles (une 
lignee male sterile genique monogerme, une lignee male 
sterile genique multigerme et une lignee mSle sterile 
cytoplasmique) . 

L 1 expression specif ique de la proteine de capside 
et de celle de la proteine de 29kD dans les racines de 
toutes les plantes transgeniques issues 
d 1 autofecondations et de croisements a ete obtenue. 

Ces resultats attestent que cette expression 
specifique est maintenue dans un environnement 
genetique different de celui des transformants 
prima ires. 
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REVENDICATIONS 



1. Procede de transformation de cellules 
vegetales appartenant a l'espece Beta vulg aris 
caracterise en ce qu'il comprend la mise en contact 
d'une dispersion de cals blancs friables dans un 
milieu de culture cellulaire vegetale liquide 
contenant 0 a environ 3.0 mglf 1 d'une cytokine, ou 
d'une suspension de cals blancs friables dans un 
milieu de culture cellulaire vegetale liquide 
contenant environ 0.1 a environ 3.0 mgL' 1 d'une 
cytokinine, avec Agrobacterium contenant un vecteur 
portant un gene destine a etre introduit dans les 
cellules vegetales, suivie de coculture des cellules 
vegetales et des bacteries pour donner lieu a. des cals 
friables trans formes. 

2. Procede selon la revendication 1, caracterise 
en ce qu'il comprend les etapes success ives suivantes 

I) induction de cals blancs friables a partir 
d'explant ; 

II) dispersion des cals dans un milieu de culture 
cellulaire vegetale liquide contenant 0 a environ 3.0 
mgl- 1 d'une cytokinine, ou obtention d'une suspension 
cellulaire a partir des cals dans un milieu de culture 
cellulaire vegetale liquide contenant environ 0.1 a 
environ 3.0 mgl- 1 d'une cytokinine ; 

III) mise en contact de la dispersion ou de la 
suspension cellulaire, avec Agrobacterium tumefacigng 
contenant un vecteur portant un gene destine a etre 
introduit dans les cellules vegetales, suivie de 
coculture des cellules vegetales et des bacteries ; 

IV) lavage des cellules vegetales pour eliminer les 
bacteries et selection des cellules transformees sur 
un milieu selectif ; 
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V) culture des cellules transf ormees selectionnees 
pour obtenir des cals friables transf ormes . 

3. Procede selon I'une quelconque des 
revendications 1 ou 2, caracterise en ce que les cals 
blancs friables sont induits a partir de jeunes 
feuilles, ay ant par exemple une longueur de 3 a 5 cm, 
prelevees d'une plante agee de mo ins de trois mois, 

4. Procede selon l'une quelconque des 
revendications 1 a 3 caracterise en ce que la 
dispersion des cals s'effectue dans un milieu de 
culture cellulaire vegetale contenant de la 6- 
benzylaminopurine (BAP) , plus particulierement environ 
lmgl" 1 BAP. 

5. Procede selon I'une quelconque des 
revendications 1 a 4 , caracterise en ce que la 
suspension cellulaire est obtenue par mise en culture 
pendant 2 a 3 semaines des cals blancs friables ages 
de 4 i 6 semaines dans le milieu de culture additionne 
de cytokinine , le milieu etant agite pendant cette 
periode, suivie de repiquage de la suspension ainsi 
obtenue sur du milieu de culture frais, donnant lieu a 
deux types cellulaires, notamment type habitue et type 
noduleux. 

6. Procede selon la revindication 5, caracterise 
en ce que le milieu de culture est additionne de la 
6-benzylaminopurine (BAP) , plus particulierement 
environ 1 mgl" 1 BAP. 

7. Procede selon l'une quelconque des 
revendications precedentes, caracterise en ce que le 
milieu de culture cellulaire vegetale est le milieu de 
Murashige et Skoog (1962), dit milieu M.S. 

8. Procede selon I'une quelconque des 
revendications precedentes, caracterise en ce que la 
coculture de cellules vegetales et des bacteries 
s'effectue pendant 3 jours dans l'obscurite sur un 
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milieu de culture cellulaire vegdtale tel que le 
milieu MS, eventuellement additionne de cytokinine, 
par exemple environ 1 mgl" 1 BAP. 

9. Procede selon l'une que Icon que des 
revendications precedentes, caracterise en ce que 
1 1 elimination des bacteries s'effectue par lavage des 
cellules vege tales avec un milieu de culture 
cellulaire vegetale contenant un agent 
bacteriostatique inhibant la croissance 
d ' Agrobacter ium , par exemple le cefotaxime. 

10. Procede selon l'une quelconque des 
revendications precedentes, caracterise en ce que la 
selection des cellules transformees s'effectue sur un 
milieu contenant de la kanamycine. 

11. Procedd selon l*une quelconque des 
revendications precedentes, caracterise en ce que la 
culture des cellules transformees selectionnees 
s'effectue sur un milieu de culture solide, tel que le 
milieu M.S solide, additionne de cytokinine, d 1 agent 
bacteriostatique et d' agent selectif* 

12. Procede selon l'une quelconque des 
revendications 1 a 11 caracterisee en ce que le gene 
destine a etre introduit dans les cellules vegetales 
est choisi parmi un gene conferant un caractere 
d'interet agronomique ou industriel, par exemple un 
gene de resistance a 1' infection par un virus, tel 
qu'un gene codant pour la proteine de capside du virus 
BWYV ou du virus BNYW, un gene conferant une 
resistance a un herbicide ou a un insecticide, ou 
encore un gene dont l 1 expression confere la sterilite 
male 

13. Procede de regeneration de bourgeons et/ou 
d'embryons transgeniques appartenant k I'espece Beta 
vulgaris a partir d'explants, caracterise en ce qu'il 
comprend les etapes success ives suivantes : 
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I) obtention de cals friables transformes selon l'une 
quelconque des revendications 1 a 12 ; 

II) repiquage des cals transformes sur un milieu de 
culture contenant 0 a environ 3 mgl' 1 d'une cytokinine, 
et eventuellement un agent bacteriostatic^ et un 
agent selectif jusqu'a 1' apparition de bourgeons et/ou 
d'embryons transgeniques. 

14. Procede selon la revendication 13, 
caracterise en ce que le milieu de culture est le 
milieu M.S additionne d' environ lragl* 1 BAP et 
eventuellement environ 300 mgl* 1 cetotaxime et 200 mgl' 1 
kanamycine. 

15. Procede de regeneration de plantes 
transgeniques appartenant a l'espece Beta vulgaris, 
caracterise en ce qu'il comprend les etapes 
success ives suivantes : 

I) regeneration de bourgeons et/ou d'embryons 
transgeniques selon le procede de la revendication 13 

• 

II) repiquage des bourgeons et/ou des embryons 
transgeniques sur un milieu de culture tel que le 
milieu M.S additionne d' environ 0.1 mgl" 1 cytokinine, 
par exemple de la BAP ; 

III) remise des structures regenerees en 
multiplication vegetative suivi. d • enracinement sur un 
milieu de culture tel que le milieu M.S contenant de 
l'acide naphthalene acetique, par exemple environ 1 
mgl' 1 . 

16. Procede de production de graines de plantes 
transgeniques appartenant a l'espece Beta vulgaris 
caracterise en ce que qu'il comprend les etapes 
suivantes : 

I) regeneration de plantes transgeniques selon le 
procede de la revendication 15 ; 
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II) vernalisation des plantes transgeniques et recolte 
des graines apres floraison. 

17. Cals friables transforms appartenant a 
l'espece Beta vulgaris et pouvant etre produits selon 
l'une quelconque des revendications 1 a 12. 

18. Bourgeons et/ou embryons transgeniques 
appartenant a l'espece Beta vulgaris et pouvant etre 
produits selon l'une des revendications 13 et 14. 

19. Plantes transgeniques appartenant a l'espece 
Beta vulgaris et pouvant etre produits selon le 
procede de la revendication 15. 

20. Graines de plantes transgeniques appartenant 
a l'espece Beta vulgaris et pouvant Stre produits 
selon la revendication 16. 

21. Plante transgenique appartenant a l'espece 
Beta vulgaris et resistante a 1' infection par le virus 
des nervures jaunes et necrotiques de la betterave a 
sucre (BNYW), ladite plante etant transforms d'une 
maniere stable par un fragment d'acide nucleique, dont 
le produit d' expression est capable de conferer ladite 
resistance, ledit fragment etant derive de l'extremite 
5' de l'ARN2 genomique ou subgenomique du BNYW, ou du 
CADN correspondant, ce fragment codant pour au moins 
une partie des proteines codees par les nucleotides 
145 a 3285 de la sequence sauvage de l'ARN2, et etant 
sous le controle d'un promoteur permettant 
1* expression du fragment dans les cellules de la 
plante et etant dans 1 'orientation sens ou antisens. 

22. Plante transgenique, selon la revendication 
21, dans laquelle ledit fragment code pour au moins 
une partie de la proteine codee par les nucleotides 
145 a 2218 de 1»ARN2 ou pour une variante de cette 
proteine presentant une homologie d'au moins 80 % et 
comportant 1' insertion, la substitution ou la deletion 
d'acide(s) amine (s) . 
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23. Plante transgenigue, selon la revendication 

22, dans laquelle ledit fragment code pour la proteine 
codee par les nucleotides 145 a 708 et, en outre, pour 
une partie de la proteine codee par les nucleotides 
709 a 2218 de l'ARN2 du BNYW. 

24. Plante transgenigue, selon la revendication 

23, dans laquelle ledit fragment code pour la proteine 
codee par les nucleotides 145 a 871 de l'ARN2 du 
BNYW. 

25. Plante transgenigue, selon la revendication 

24, dans laquelle ledit fragment est compose par les 
nucleotides 91 k 871 de l'ARN2 du BNYW. 

26. Plante transgenigue, selon la revendication 
22, dans laquelle ledit fragment code pour au moins 
une partie d'une variante de la proteine cod6e par les 
nucleotides 145 a 2218, ladite variante se distinguant 
de la sequence sauvage par la presence de la seguence 
Glu Asp Leu Pro qui remplace les acides amines His ALa 
codes par les nucleotides 253 a 258 de la sequence 
sauvage . 

27. Plante transgenique selon la revendication 
26, dans laquelle ledit fragment code pour une partie 
de la variante et est compose par les nucleotides 91 a 
871 de la seguence sauvage, les nucleotides 253 a 258 
de la sequence sauvage etant remplaces par ceux codant 
pour Glu Asp Leu Pro. 

28. Plante transgenique, selon la revendication 
26, dans laquelle ledit fragment code pour une partie 
de la variante, ladite partie correspondant a celle 
codee par les nucleotides 145 k 255 dans la sequence 
sauvage, les nucleotides 253 a 255 de la seguence 
sauvage etant remplaces par ceux codant pour Glu. 

29. Plante transgenique, selon la revendication 
26, dans laquelle ledit fragment code pour line partie 
de la variante, ladite partie correspondant k celle 
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codee par les nucleotides 256 a 871 dans la sequence 
sauvage, les nucleotides 256 a 258 de la sequence 
sauvage etant remplaces par ceux codant pour Asp Leu 
Pro. 

30. Plante transgenique, selon la revendication 
22, dans laquelle ledit fragment code pour au moins 
une partie d'une variante de la proteine codee par les 
nucleotides 145 a 2218, ladite variante se distinguant 
de la sequence sauvage par la presence de la sequence 
Arg Ser Ser Gly au lieu des acides amines codes par 
les nucleotides 637 a 651 de la sequence sauvage, la 
sequence Arg Ser Ser Gly formant le carboxy-terminal 
de la proteine. 

31. Plante transgenique, selon la revendication 

30, dans laquelle ledit fragment code pour une partie 
de la variante et est compose par les nucleotides 91 a 
871 de la sequence sauvage, les nucleotides 637 a 654 
de la sequence sauvage etant remplaces par ceux codant 
pour Arg Ser Ser Gly stop. 

32. Plante transgenique, selon la revendication 

31, dans laquelle ledit fragment code pour une partie 
de la variante, ladite partie correspondant a celle 
codee par les nucleotides 144 a 640 de la sequence 
sauvage . 

33. Plante transgenique, selon la revendication 
31, dans laquelle ledit fragment code pour une partie 
de la variante et est compose par les nucleotides 641 
a 871 de la sequence sauvage, les nucleotides 641 et 
642 de la sequence sauvage etant remplaces par GA et 
les nucleotides 643 a 654 etant remplaces par ceux 
codant pour Ser Ser Gly Stop. 

34. Plante transgenique, selon la revendication 
21 comprenant un fragment de l'extremite 5» de 1«ARN2 
subgenomique du BNYW, ou du cADN correspondant, ledit 
fragment codant pour au moins une partie de la 
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proteine codee par les nucleotides 2133 a 3285 de 
l'ARN2, ou pour une variant e de cette proteine 
presentant au moins 80 % d'homologie et comportant 
l 1 insertion, la substitution ou la d616tion d'acide(s) 
amine (s) . 

35. Plante transgenique, selon la revendication 

34 dans laquelle ledit fragment code pour la proteine 
codee par les nucleotides 2133 a 2774 de 1»ARN2 du 
BNYW. 

36. Plante transgenique, selon la revendication 

35 dans laquelle ledit fragment est compose par les 
nucleotides 2078 a 2774 de l'ARN2 du BNYW. 

37. Plante transgenique, selon l'une quelconque 
des revendications precedentes, caracteris6e en ce 
qu'elle exprime la proteine conferant la resistance, 
et codee par ledit fragment, uniquement dans les 
racines. 

38. Plante transgenique, selon la . revendication 
37, caracterisee en ce que le promoteur controlant 
1' express ion de ladite proteine est un promoteur 
constitutif, par exemple le pNos ou le p35S. 

39. Plante transgenique selon la revendication 
37, susceptible d f etre obtenue par le procede de la 
revendication 15. 

40. Graines de plantes transgeniques selon l'une 
quelconque des revendications 21 a 39. 

41. Procede de production de plantes 
transgeniques appartenant a l'espece Beta vulgaris et 
resistante a 1 1 infection par le BNYW, ladite plante 
exprimant, specif iquement dans les racines, une 
proteine capable de conferer ladite resistance, ledit 
procede comprenant la transformation, par 
1 1 intermediaire d ' Agrobacterium tumef aciens , de 
cellules provenant de Beta vulgaris avec un des 
fragments d'acide nucleique tels que decrits dans 
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I'une quelconque des revendications l a 16 , la 
transcription dudit fragment etant sous le controle 
d'un promoteur constitutif tel que le p35S ou le pNos f 
suivi de la regeneration d'une plante transgenique a 
partir des cellules transformees. 
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1- Meth ° d f ° r ind "cing resistance to a group 

I virus comprisina a Trno sroup 
D , P Sln9 a sequence into a plant cell or a 
Plant, comprising the following steps: 

- Preparing a nucleotide construct uprising a nucleotide 

sequence corresponding to at least 70% of the nucleo de 

sequence of TGB2 of said virus or ^ ^ ^A 

being operably linked to one ov 

° one °r more requlatorv 
sequence ( S ) active in a plant ^latory 

" LTZTS a plant cel1 " ith ^ ~* 

15 „u 2 * MSth0d accordin 9 to the claim i 

15 characterized in that- t-H~ -, • - 1 ' 

' n . the nuc leotide sequence of the 

nucleotide conqdnmf e 

construct corresponds to at least an* 
preferably at least 9n* ^ °*' 
of said nucleotide sequence of TGB2 

of sa ld vxrus or its complementary cDNA. 

0 . 3 ' Meth ° d according to the claim 1 or 2 

the group insisting of hordeiviruses , benyviruses 
Pecluviruses and pomoviruses, preferably selected Trom tt 
9 ro c i sting Qf the beet ^^^^ » - 

the harley stripe mosaic virus, the potato mop top virus 
the peanut clump virus and the beet soil- bo rne virus 

claims cha V t0 <* the preceding 

claims, characterized in that the plant cell is a stomatal 
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30 



c laims eh ; M " h ° d aCC ° rding to ™y <* the preceding 
the conslstin9 of sugar ^ pMat 



6. Method according to claim i 



35 



-3 v. w v_j.<aim 1 or P 

characterized in that- t-h= . 

hS VlrUS 13 BNYW, the nucleotide 

sequence of TGB2 of o^-;^ • • uas 

of said virus is comprised between the 
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nucleotide 3287 and 3643 of the 5- strand of genomic or 
subgenomic RNA 2 of the BNYW and the plant is a beet, 
preferably a sugar beet (Beta vulgaris) . 

7. Method according to any of the preceding 

5 claims, characterized in that the regulatory sequence 

comprises a promoter sequence or a terminator sequence 
active in a plant. 

8. Method according to claim 7 characterized 
in that the promoter sequence is a constitutive or a 

10 foreigner promoter sequence. 

9. Method according to the preceding claim 7 
characterized in that the promoter sequence is selected 
from the group consisting of 3 5S Cauliflower Mosaic Virus 
promoter, and/or the polyubiquitin Arabidopsis thaliana 

15 promoter. 

10. Method according to any of the claim 7 to 
9, characterized in that the promoter sequence is a 
promoter which is capable of being active mainly into the 
root tissues of plants, such as the par promoter of the 

20 haemoglobin gene from Perosponia andersonii. 

11. Transgenic plant resistant to a group I 
virus comprising a nucleotide construct having a nucleotide 
sequence corresponding to at least 70% of the nucleotide 
sequence of TGB2 of said virus or its corresponding cDNA, 
being operably linked to one or more regulatory sequence (s) 
active in a plant. 

12. Transgenic plant according to the claim 
11, characterized in that the nucleotide construct has a 
nucleotide sequence corresponding to at least 80% 
preferably at least 90%, of the nucleotide sequence of TGB2 
of said virus or its complementary cDNA. 

13. Transgenic plant according to the claim 
11 or 12, characterized in that the virus is selected from 
the group consisting of hordeiviruses , benyviruses 
pecluviruses and pomoviruses, preferably selected from the 
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group consisting of the beet necrotic yellow vein virus 
the barley stripe mosaic virus, the potato mop top virus' 
the peanut clump virus and the beet soil -borne virus. 

14. Transgenic plant according to the claims 
5 11 to 13 being a plant selected from the group consisting 

of sugar beet, potato, barley or peanut. 

15. Transgenic plant according to the claims 
11 or 12, characterized in that the transgenic plant being 
a beet, preferably a sugar beet (Beta vulgar,^ the virus 

10 xs BNYW and the nucleotide sequence of TGB2 of said virus 
is comprised between the nucleotides 3287 and 3643 of the 
5' strand of genomic or subgenomic RNA 2 of BNYW or its 
corresponding cDNA. 

16. Transgenic plant according to any of the 
15 preceding claims n to 15, characterized in that the 

regulatory sequence comprises a promoter sequence and a 
terminator sequence active in a plant. 

17. Transgenic plant according to any of the 
preceding claims 11 to 16, characterized in that the 
regulatory sequence (s) comprise a promoter sequence which 
is a constitutive or a foreigner promoter sequence. 

18. Transgenic plant according to the claim 
17, characterized in that promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
Promoter, and/or the polyubiquitin Arabidovsis tto.li — 
promoter. " 

19. Transgenic plant according to claim 17 or 
18 characterized in that the promoter sequence is a 
promoter which is capable of being active mainly into root 
tissues, such as the par promoter of the haemoglobin gene 
from Perosponia andersoni i 

20. Transgenic plant tissue selected from the 
group consisting of fruit, stem, root, tuber, seed of a 
plant according to any of the preceding claims 11 to 19. 
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21. Transgenic plant according to any one of 
the claims 11 to 19, characterised in that it further 
carries natural tolerance to Group I viruses. 

22. Transgenic plant according to any one of 
5 the claims 11 to 19 and 21, characterised in that it 

further comprises a pesticide, herbicide or fungicide 
resistance, preferably a resistance selected from the group 
consisting of nematode resistance, glyphosate resistance, 
glufosomate resistance and/or acetochloride resistance. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EP00/021 76 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "orioinallv filed" 
and are not annexed to this report since they do not contain amendments (Rules 70 16 and 70 1 7)Y 
Description, pages: 7/ " 



1-16 



as originally filed 



Claims, No.: 
1-22 



as received on 



30/05/2001 with letter of 



30/05/2001 



Drawings, sheets: 

1/2,2/2 as originally filed 



Sequence listing part of the description, pages: 

1-3, filed with the letter of 10.10.00 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the langua ge ol ^a translation furnished for the purposes of international preliminary examination (under Rule 
oo.d and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application the 
international preliminary examination was carried out on the basis of the sequence listing: 



13 
□ 
□ 
IS 
IE) 

IS 



contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. M 



4. The amendments have resulted in the cancellation of: 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (July 1998) 




INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/EP00/021 76 



□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) Yes: Claims 1 -22 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-22 

Industrial applicability (IA) Yes: Claims 1-22 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted- 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/EP00/021 76 

EXAMINATION REPORT - SEPARATE SHEET 



The documents mentioned in the present International Preliminary Examination 
Report are numbered as in the search report, i.e. D1 corresponds to the first 
document of the search report etc. 

V. Reasoned statement on Novelty, Inventive Step and Industrial Applicability 
Novelty (Art.33(2) PCT) 

No objections. 

Inventive Step (Art.33(3) PCT) 

The problem solved by applicant is the provision of a further method of introducing 
resistance to TGB group I viruses into plants. 

The solution is to express mutant (dominant negative) TGB2 proteins of the group 
I viruses in plant cells. 

The solution is considered obvious. D1 and D6 both can be taken as closest prior 
art. Both documents demonstrate how dominant negative mutants of TGB2 can 
be used to engineer resistance to TGB-containing plant viruses. 

D1 shows that a mutated 13 kDa gene (TGB2) of Potexvirus WCIMV-O provides 
resistance to systemic infection by WCIMV-O when introduced into N. 
benthamiana. The transgenic plants were further found to be resistant to other 
Potexviruses and to a Carlavirus. D1 further states in the abstract that virus 
resistance can be engineered in transgenic plants by expression of dominant 
negative mutant forms of TGB movement proteins. The examples given are 
group II viruses, yet no such group distinction is drawn in D1 - on p.10310, col.2 it 
is stated that TGB proteins have been shown to be essential in Potexviruses / 
Hordeiviruses (Group I) etc. Conserved features of all these viruses TGB2 genes 
have been identified - one of which was knocked out in the experimental part of 
D1 (see beginning of "Results"). There is absolutely no reason to believe that the 
teaching of D1 could not apply to Group I viruses. 
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EXAMINATION REPORT - SEPARATE SHEET 



D6 refers back to D1 and performs similar tests using transgenic potato plants 
expressing PVX TGB2. D6 shows that even distantly-related viruses having 
movement proteins (MPs) lacking significant sequence similarity can be inhibited 
by TMV MP. TGB block viruses do however share significant sequence similarity 
(across groups I and II - even though this distinction is not drawn in D6 (see 
Fig.1)). D6 clearly distinguishes viruses on the basis of whether they have a TGB 
or not (see last paragraph). Both group I and II viruses have similar TGB2 genes 
and thus it is obvious from D6 that teachings relating to the functionality of TGB2 
genes in group II viruses also would be reasonably expected to apply to group I 
viruses. 

Hence, the presently claimed subject-matter is entirely obvious in view of either 
D1 or D6. 

Industrial Applicability (Art.33(4) PCT) 

The present claims appear to have industrial applicability. 
VII. Certain defects 

The only significant data supplied by applicant appears to be given in Fig.3. 
However, reading the description, and viewing Fig.3, it is unclear what is meant by 
D1 , A2, A3 etc. It seems from p.9 that A(X) means an alanine substitution. T is 
clearly identified as w.t. The positions of the mutations are however not identified 
and thus the data is meaningless. Further, not all mutations appear to result in 
enhanced resistance, and those that do appear to rarely have a significant effect. 
Hence, the skilled person is not enabled to make mutations in TGB2 which will 
achieve resistance without himself experimenting around with various mutants. 
This is considered undue burden, since he is not taught what characteristics the 
mutants must have. Hence, subject-matter of claims is considered insufficiently 
disclosed. 

VIII. Certain observations 

Clarity (Art.6 PCT) 
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Claim 1 - "homology" should be replaced by "identity". Same problem applies to 
claims 2, 11, 12. 

Claim 8 - foreign DNA (not "foreigner DNA") 

It is noted that the application as a whole is unclearly drafted. Hence, it may be 
impossible to overcome some of the present objections without introducing 
unallowable added matter. Should applicant file amendments he should clearly 
indicate an exact basis therefor. 

Support in Description (Art.6 PCT) 

Claim 1 is a method of inducing resistance, yet the technical features required to 
reach this objective are not specified. Of critical importance is the TGB2 
sequence. The claim does not define how to obtain dominant negative mutants 
which are presumably required. The sequence definition encompasses 
sequences which appear to induce increased susceptibility to group I virus insofar 
as Fig.3 can be understood i.e. w.t. TGB and other mutants increasing local 
lesion numbers. Since the claims all lack the essential feature of the "invention", 
they lack support in the description. 
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This International Search Report consists of a total of 4 sheets. 

(X] It is also accompanied by a copy of each prior art document cited in this report. 



1. Basis of the report " " 

a ' S IT? t0 K h K 'f ngU 1? e J tne 1 international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. ^ 

^ A^^meZ^S)^ Cafried ° n baSfS ° f 3 translation of the international application furnished to this 

warS oS t^Itf * MMoM *^™> - ™* 

PH contained in the international application in written form. 

I I fiIed together with the international application in computer readable form 

□ 

furnished subsequently to this Authority in written form 
furnished subsequently to this Authority in computer readble form. 

^ Inf.m^Ifnnfri^^ ^f^"^ finished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

^ fumfshed 11601 that information recorded in computer readable form is identical to the written sequence listing has been 

2 CD Certain claims were found unsearchable (See Box 1). 

3. Q Unity of Invention Is lacking (see Box II). 

4. With regard to the title, 

PH the text is approved as submitted by the applicant. 

I I tne text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

PH tne text »s approved as submitted by the applicant. 

□ wifhin l h f m b nl n fSIIf aC f ° rdi , ng t0 , R " le . 38 2(b) '. by thiS Authorit y as rt «PP^ in Box III. The applicant may, 
wrtnm one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. J 

E as suggested by the applicant. [~| None of tne figures . 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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1. 



International application No. PCT/EP00/021 76 



Basis of the report 

With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70 1 7)Y 
Description, pages: 



1-16 



as originally filed 



Claims, No. 

1-22 



as received on 



30/05/2001 with letter of 



30/05/2001 



Drawings, sheets: 

1/2,2/2 as originally filed 



Sequence listing part of the description, pages: 

1-3, filed with the letter of 10.10.00 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application the 
international preliminary examination was carried out on the basis of the sequence listing: 

E contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

H The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

IS The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 



□ 
IS 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement 



1. Statement 



Novelty (N) Yes: Claims 1-22 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-22 

Industrial applicability (IA) Yes: Claims 1-22 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIM. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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The documents mentioned in the present International Preliminary Examination 
Report are numbered as in the search report, i.e. D1 corresponds to the first 
document of the search report etc. 

V. Reasoned statement on Novelty, Inventive Step and Industrial Applicability 
Novelty (Art.33(2) PCT) 

No objections. 

Inventive Step (Art.33(3) PCT) 

The problem solved by applicant is the provision of a further method of introducing 
resistance to TGB group I viruses into plants. 

The solution is to express mutant (dominant negative) TGB2 proteins of the group 
I viruses in plant cells. 

The solution is considered obvious. D1 and D6 both can be taken as closest prior 
art. Both documents demonstrate how dominant negative mutants of TGB2 can 
be used to engineer resistance to TGB-containing plant viruses. 

D1 shows that a mutated 13 kDa gene (TGB2) of Potexvirus WCIMV-O provides 
resistance to systemic infection by WCIMV-O when introduced into N. 
benthamiana. The transgenic plants were further found to be resistant to other 
Potexviruses and to a Carlavirus. D1 further states in the abstract that virus 
resistance can be engineered in transgenic plants by expression of dominant 
negative mutant forms of TGB movement proteins. The examples given are 
group II viruses, yet no such group distinction is drawn in D1 - on p. 10310, col.2 it 
is stated that TGB proteins have been shown to be essential in Potexviruses / 
Hordeiviruses (Group I) etc. Conserved features of all these viruses TGB2 genes 
have been identified - one of which was knocked out in the experimental part of 
D1 (see beginning of "Results"). There is absolutely no reason to believe that the 
teaching of D1 could not apply to Group I viruses. 
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D6 refers back to D1 and performs similar tests using transgenic potato plants 
expressing PVX TGB2. D6 shows that even distantly-related viruses having 
movement proteins (MPs) lacking significant sequence similarity can be inhibited 
by TMV MP. TGB block viruses do however share significant sequence similarity 
(across groups I and II - even though this distinction is not drawn in D6 (see 
Fig.1)). D6 clearly distinguishes viruses on the basis of whether they have a TGB 
or not (see last paragraph). Both group I and II viruses have similar TGB2 genes 
and thus it is obvious from D6 that teachings relating to the functionality of TGB2 
genes in group II viruses also would be reasonably expected to apply to group I 
viruses. 

Hence, the presently claimed subject-matter is entirely obvious in view of either 
D1 or D6. 

Industrial Applicability (Art.33(4) PCT) 

The present claims appear to have industrial applicability. 
VII. Certain defects 

The only significant data supplied by applicant appears to be given in Fig. 3. 
However, reading the description, and viewing Fig.3, it is unclear what is meant by 
D1 , A2, A3 etc. It seems from p.9 that A(X) means an alanine substitution. T is 
clearly identified as w.t. The positions of the mutations are however not identified 
and thus the data is meaningless. Further, not all mutations appear to result in 
enhanced resistance, and those that do appear to rarely have a significant effect. 
Hence, the skilled person is not enabled to make mutations in TGB2 which will 
achieve resistance without himself experimenting around with various mutants. 
This is considered undue burden, since he is not taught what characteristics the 
mutants must have. Hence, subject-matter of claims is considered insufficiently 
disclosed. 

VIII. Certain observations 

Clarity (Art.6 PCT) 
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Claim 1 - "homology" should be replaced by "identity". Same problem applies to 
claims 2, 11, 12. 

Claim 8 - foreign DNA (not "foreigner DNA") 

It is noted that the application as a whole is unclearly drafted. Hence, it may be 
impossible to overcome some of the present objections without introducing 
unallowable added matter. Should applicant file amendments he should clearly 
indicate an exact basis therefor. 

Support in Description (Art.6 PCT) 

Claim 1 is a method of inducing resistance, yet the technical features required to 
reach this objective are not specified. Of critical importance is the TGB2 
sequence. The claim does not define how to obtain dominant negative mutants 
which are presumably required. The sequence definition encompasses 
sequences which appear to induce increased susceptibility to group I virus insofar 
as Fig.3 can be understood i.e. w.t. TGB and other mutants increasing local 
lesion numbers. Since the claims all lack the essential feature of the "invention", 
they lack support in the description. 
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5 CLAIMS 

1. Method for inducing resistance to a group 
I virus comprising a TGB2 sequence in a plant cell or a 
plant, comprising the following steps: 

preparing a nucleotide construct comprising a nucleotide 
10 sequence having at least 70% homology with the nucleotide 
sequence of TGB2 of said virus or its complementary cDna, 
being operably linked to one or more regulatory 
sequence (s) active in a plant, 

- transforming a plant cell with the nucleotide construct, 
15 and possibly 

- regenerating a transgenic plant from the transformed 
plant cell. 

2. Method according to the claim 1, 
characterised in that the nucleotide sequence of the 
nucleotide construct has at least 80% homology with the 
nucleotide sequence . of TGB2 of said virus or its 
complementary cDNA. 

3. Method according to the claim 1 or 2, 
characterised in that the group I virus is selected from 
the group consisting of hordei viruses, benyviruses, 
pecluviruses and pomoviruses, preferably selected from the 
group consisting of the beet necrotic yellow vein virus, 
the barley stripe mosaic virus, the potato mop top virus! 
the peanut clump virus and the beet soil-borne virus. 

4. Method according to any of the preceding 
claims, characterised in that the plant cell is a stomatal 
cell . 
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5. Method according to any of the preceding 
claims, characterised in that the plant is selected from 
the group consisting of sugar beet, potato, barley or 
peanut . 

5 6. Method according to claim l or 2, 

characterised in that the virus is BNYW, the nucleotide 
sequence of TGB2 of said virus is comprised between the 
nucleotide 3287 and 3643 of the 5« strand of genomic or 
subgenomic RNA 2 of the BNYW and the plant is a beet, 
10 preferably a sugar beet (Beta vulgar-is) . 

7. Method according to any of the preceding 
claims, characterised in that the regulatory sequence 
comprises a promoter sequence or a terminator sequence 
active in a plant. 

15 8 - Method according to claim 7 characterised 

in that the promoter sequence is a constitutive or a 
foreigner promoter sequence. 

9. Method according to the preceding claim 7, 
characterised in that the promoter sequence is selected 

20 from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/or the polyubiquitin Arabidopsis thaliana 
promoter. 

10. Method according to any of the claim 7 to 
9, characterised in that the promoter sequence is a 

25 promoter which is capable of being active mainly into the 
root tissues of plants, such as the par promoter of the 
haemoglobin gene from Perosponia andersonii. 

11. Transgenic plant resistant to a group I 
virus comprising a nucleotide construct having at least 70% 
homology with the nucleotide sequence of TGB2 of said virus 
or its corresponding cDNA, being operably linked to one or 
more regulatory Bequence(s) active in a plant. 

12 . Transgenic plant according to the claim 
11. characterised in that the nucleotide construct has a 
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nucleotide sequence corresponding to at least. 80% homology 
with the nucleotide sequence of TGB2 of said virus or its 
complementary cDNA. 

13. Transgenic plant according to the claim 
5 11 or 12, characterised in that the virus is selected from 

the group consisting of hordSiviruses, benyviruses, 
pecluviruses and pomoviruses, preferably selected from the 
group consisting of the beet necrotic yellow vein virus, 
the barley stripe mosaic virus, the potato mop top virus, 
10 the peanut clump virus and the beet soil -borne virus. 

14. Transgenic plant according to the claims 
11 to 13 being a plant selected from the group consisting 
of sugar beet, potato, barley or peanut. 

15. Transgenic plant according to the claims 
IB 11 or 12 , characterised in that the transgenic plant being 

a beet, preferably a sugar beet ( Seta vulgaris ) the virus 
is BNYW and the nucleotide sequence of TGB2 of said virus 
is comprised between the nucleotides 3287 and 3643 of the 
5 1 strand of genomic or subgenomic RNA 2 of BNYW or its 
20 corresponding cDNA. 

16 . Transgenic plant according to any of the 
preceding claims 11 to 15, characterised in that the 
regulatory sequence comprises a promoter sequence and a 
terminator sequence active in a plant, 

25 17 • Transgenic plant according to any of the 

preceding claims 11 to 16, characterised in that the 
regulatory sequence (s) comprise a promoter sequence which 
is a constitutive or a foreign promoter sequence. 

18 • Transgenic plant according to the claim 

30 17, characterised in that promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/or the polyubiquitin Arahi dopsia tAa i i an a 
promoter. 
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19 • Transgenic plant according to claim 17 or 
18 characterised in that the promoter sequence is a 
promoter which is capable of being active mainly into root 
tissues, such as the par promoter of the haemoglobin gene 
from Peroeponia andersonii . 

20. Transgenic plant according to any one of 
the claims 11 to 19, characterised in that it further 
carries natural tolerance to Group I viruses. 

21, Transgenic plant according to any one of 
the claims ll to 20, characterised in that it further- 
comprises a pesticide, herbicide or fungicide resistance, 
preferably a resistance selected from the group consisting 
of nematode resistance, glyphosate resistance, glufosomate 
resistance and/or acetochloride resistance. 

15 22. Transgenic plant tissue selected from the* 

group consisting of fruit, stem, root, tuber, seed of a 
plant according to any of the claims 11 to 21* 
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Sugar 

Beet 

Line 



22 



time Pps plated 
min (% GC) 



Bialaphos 
resistant 
calli 



Trans . 

Freq. 

(total) 



Trans . 

Preq. 

(GC) 



NF 10 180,000(74) 22 

20 180,000(71) 23 

30 83,000(54) 28 



1 . 2x10 
1.3x10 
3 .4x10 



-4 
-4 



1.7x10 
1 . 8x10 
6.1x10' 



-4 
-4 



SES1 20 220,000(80) 
30 190,000(85) 
40 210,000(76) 



8 
1 
4 



2.7x10 
5.3x10" 
1.9x10" 



-5 



3.4x10 

6.2x10" 

2.5x10" 



In all the above cases the PEG concentration was 13.3% 
and the amount of DNA (pPG5) used was 50^g. 

Following transformation, the protoplasts were 
transferred to an alginate medium containing bialaphos at a 
concentration of 0 . 25mg/litre, and cultured for four weeks, 
by which time the transformed guard cell calli were clearly 
identifiable and could be isolated and transferred to 
regeneration medium. 
EXAMPLE n 

Genetic Transf ormatiorj of Leaf Tissue 

In this example the introduced DNA was from a plasmid 
PPG5 which contains the 15-glucuronidase (GUS) reporter gene 
and also, as a selectable marker gene, a sequence specifying 
resistance to the herbicide Bialaphos or phosphinothricin to 
which sugar beet is normally sensitive. 

Leaves from axenically grown plants of two sugar beet 
genotypes (designated B0A113 and BUM2) were excised and 
placed, abaxial surface uppermost, on De Greef and Jacobs 
media solidified with 0.6% agar. Three to five leaves were 
used in each 9 cm Petri dish. 

Gold particles (1.6 pm diameter) were coated with a 
plasmid which contains a gene encoding phosphinothricin 
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acetyl transferase which gives resistance to the herbicide 
phosphinothricin (bialaphos, BASTA) as a selectable marker 
and one copy of a gene encoding S-glucuronidase (gus) a 
detectable marker gene. The particles were coated using the 
calcium chloride/spermidine precipitation method and 
resuspended in 100% ethanol. Aliquots of 10 „1 were pipetted 
on to individual macrocarriers of the DuPont Biolistic 
PDSlOOO/He gene gun and allowed to dry over silica gel* 
crystals. 

The bombardment parameters used were: a gap of one 

sxxteenth inch between the rupture disc and the macrocarrier 

a --ocarrier travel distance of 6mm, rupture disc pressures 

of 100 to 1100 psi, target distances of 5/ 8 or 12 cm and a 

partial vacuum of 28 inches of mercury in the target chamber 

After bombardment, leaves were cultured for 2 days at 

23'C prior to staining with 5-bromo-4-chloro-3-indolyl- 

S-D-glucuronide (X-Gluc) for histochemical localisation of 

aus gene expression. Post staining, the leaves were 

decolourised in 95% ethanol at S5 o C for 20 minutes. Cells 

showing gus expression were termed "colour- forming units 

(CPUs) . The frequency of guard cell CPUs among total 

epidermal CPUs for both genotypes was in the range 20-40% 
EXAMPLE ir> 9e ™ 40 *- 

Callus Oritur* *r>rt p -gen^M OT1 

After 21 days, the pieces of alginate containing the 
now-visible microcalli were transferred to 9 cm Petri dishes 
containing 20 ml Medium K. Culture was in the dark as above 

Friable, watery-type calli on reaching the size of 

anr^r' 6 , 17 " ^ diamSter W6re indi - d -lly picked off 
and cultured m groups of 20 on fresh Medium K. At this 
stage both PCR analysis and a histochemical GUS assay 
confirmed the presence of transformants 

f r e s h A ;e;r eekiy intervais au caiu we - — - *• 

Kegenerants appeared during the first 8 weeks of culture 
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of individual calli. When the first shoots were visible and 
had reached a size of approximately 2 mm the dish was 
transferred into the light (3000 lux), 25°C, IS hour day 
length, 

Plantlets approximately 4 mm long were transferred to 
individual culture tubes containing 15 ml of Medium K and 
were further subcultured in the light as above. 
EXAMPLE 13 

Rooting and Transfer to the Soil 

When the plantlets had reached the four- leaf stage 
(usually after 5 to 6 weeks with one subculture after three 
weeks) they were transferred to culture tubes containing 15 
ml of Medium L and further cultured as above. 

When at least one root had reached a length of 1 cm, the 
plantlets were removed from the culture tubes and, washed 
under running tap water to remove all fragments of the agar, 
and transferred to soil in 9 cm pots in the greenhouse. 

Plantlets were covered with a transparent plastic cup to 
provide a humid environment for seven days, after which they 
could be grown without protection. 



CLAIMS 



A method of producing a plant, comprising culturing 
a plant cell in a regeneration medium, characterised in 
that the said cell is a stomatal cell. 

A method as claimed in claim l, in which the said 
stomatal cell is subjected to regeneration. in an intact 
organ containing said cells. 

A method as claimed in claim l, in which the said 
stomatal cell is isolated from plant tissue containing 
same. . 



A method as claimed in claim l, in which the said 
stomatal cell is in an isolated leaf epidermis. 

A method as claimed in any preceding claim, in which 
the plant is beet ( Beta viilaarie ) . 

A method as claimed in claim 5 in which the plant is 
sugar beet. 



A method as claimed in any preceding claim, in which 
regeneration includes the production of callus on a 
medium which is free of hormones. 

A method for the genetic transformation of plants 
comprising introducing an hereditary material into a 
cell of the said plant and regenerating whole plants 
from the transformed cell, characterised in that the 
said cells are stomatal cells. 



- 26 - 



9 - A method as claimed in claim 8, in which the 

transformation is conducted on intact tissue containing 
stomata. 

10. A method as claimed in claim 9, in which the tissue 
is senescent leaf tissue. 

11. A method as claimed in claim 9 or claim 10, in which 
the said tissue is leaf epidermis. 

12. A method as claimed in claim 9 or 10 or 11, in which 
transformed stomatal tissue is macerated to produce a 
cell suspension from which plants are regenerated. 

13 . A method as claimed in any of claims 8 to 12 , in 
which the stomatal cells are converted to protoplasts 
prior to regeneration. 

14. A method as claimed in any of claims 8 to 13, in 
which the said hereditary material is a DNA construct 
which includes a selectable marker gene which does not 
specify resistance to an antibiotic and the transformed 
tissue is exposed to the appropriate selective agent. 

15. A method as claimed in any of claims 8 to 14, in 
which the transformation is conducted on a cell 
population containing guard cells. 

16. A method as claimed in claim 15, in which the 
transformation is conducted on a cell population 
enriched in guard cell concentration. 

17. A method as claimed. in any of claims 8 to 16, in 
which the transformation is conducted on a cell 




suspension. 



A method as claimed in any of claims 8 to 17, in 
which the stomatal cells are converted into protoplasts 
by enzymatic digestion of the cell wall before or after 
transformation . 



A method as claimed in any of claims 8 to 18, in 
which the transformation method comprises mixing a 
suspension of stomatal cells with a microscopic fibrous 
material and agitating same in the presence of the 
hereditary material. 

A method as claimed in any of claims 8 to 18, in 
which regeneration includes the production of callus on 
a medium which .is free of hormones. 

A method for the transformation of Beta vuToa-H H 
comprising the steps of: 

(i) providing plant tissue containing stomatal cells; 

(ii) introducing hereditary material into the said 
stomatal cells by direct DNA insertion; and, 

(iii) regenerating plants from the transformed stomatal 
cells. 



A method as claimed in claim 21, in which the 
introduced hereditary material is a DNA construct which 
does not contain a gene specifying antibiotic 
resistance. 

A method as claimed in claim 21 or claim 22, in 
which the said plant tissue is leaf epidermis. 
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although incapable of substituting for w«d-type P15 .. n 
complementation experiment, can interfere with che cell . 
cell «« nc activity of the „ ild . type p „ ^ 
2 . Presumably, th e full-length and cruncited £orms 

COmPe " «™ a " 0th - *» Ending sites on another 

component (which could be of either virai or cel luiar 
origin) mvoived in the movement process. 

AS n ° ted 3bOVe ' ^<f-nce comparisons between 
different viruses possessing a TGB have reveaied little 
seauence Similarity between the different TGB3 genes Por 
-ample, the 17 kDa TGB3 protein „ 17 , of peanuc c 
furovirus ,PCV, displays no significant seauence similarity 
«th Pis of BNYW <4, even though both viruses can in^ct 
C^ffluaaa. To determine whether independent expression of 

the PCV TGB3 pr — «■> w ieh a ™ infe ; tion 

» a manner similar to that observed with repis. a BNYW 
RNA 3-derived replicon containing the PCV TGB 3 (repPCV-Pi7 ; 

Figure 1) was constructed r rmi^^^ i 

cea ' C " Win n* leaves inoculated with 
BNYW «s x and 2 plus repPCV-P 17 did noc develQp ^ 

and no progeny BNYW RNA ' s could be detected by northern 
blot <P igU re SA. lane 9 , . This observation suggests that 
the pathways by which BNYW and PCV move from cell-to-cell 
^S*^ sha " at least one - common element which in 
-Pit. of their dissimilarity in seauence. interacts with 
25 tne TGB 3 products of both viruses. 

The Inventors have shown that repl icons 
carrying P4 2 and P13 can complement BNYW rna 2 carrying 

Ch \„ ™ P ° ndin9 de£eC — ^ a replicon 

carrymg-p a; canno t . in the latter case, complementation 
car. occur, however. lf the Pis gene is suppiied as the 

second gene on a dicistronic RNA f-f»nm-» 

kma uepl31 3 ) carrying the P13 

9er.e in firsc position. it should be noted chat the 
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relative disposition of the P13 and P15 genes on repl315 is 
identical to their deposition on RNA 2sub B , the subgenomic 
RNA which is believed to direct synthesis of both proteins 
in wild-type infections. This suggests that successful 
5 cell-to-cell movement of BNYW requires the presence of P13 
and P15 in appropriate relative amounts and that production 
of both proteins from the same subgenomic RNA represents a 
mechanism for coordinating their synthesis. The inability 
of re P 15 to complement the P15 mutant RNA 2 transcript p.B2- 
10 14-J and its ability to inhibit infection by wild-type 
virus would then both be due to over-production of P15 
relative to P13 when the former is translated from the 
replicon and the latter' from RNA 2. When PIS is expressed 
from the dicistromc replicon repl3l5, on the other hand, 
15 appropriate relative P13-P15 levels would be produced, 
allowing cell-to-cell movement to proceed. The "correct- 
relative levels of accumulation of P13 and P15 in a wild- 
type infection are not known. Translation of re P 1315 in 
wheat germ extract produced three to five times more ?13 
20 rhan PIS but such experiments do not necessarily reflect 
the situation in plant, since the turnover rates of the two 
proteins mav differ significantly. Note that these results 
indicate that TGB-mediated cell-to-cell movement is less 
sensitive to over-expression of P42 and P13 relative to the 
25 "correct" levels characteristic of a normal infection since 
co- inoculation of re P 42, rep!3 or re P 1315 with wild-type 
virus did not inhibit infection (Figure S, lanes 3-5), 
although the lesions produced in the presence of rep!3 and 

shows that expression of 

r~pl3l5 were necrotic, inus, 
30 P15 m transgenic plants could provide a mechanism for 
snducing BMYW-resistance r pathogen-derived resistance"; 
ref 23) in such pxants, provided that suffi cient 1 15. 
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expression leve ls can be attiain^ 

To gain a better understanding of how the 
rela-ive levels of P13 and P15 are regulated during 
translation will require learning how the P15 cistron is 
5 accessed by ribosomes on RNA 2sub b . Translation initiation 
at an internal cistron of a eucaryotic messenger RNA may 
occur by several mechanisms / including (i) leaky scanning, 
where a fraction of the ribosomal subunits which begin 
scanning the RNA at the 5' -end move past the first (non- 
10 optimal) upstream AUG without initiating (24), and (ii) 
internal entry, where ribosomal subunits bind directly to a 
special sequence on the RNA near the internal initiation 
codon (25) . A third possible mechanism, termination- 
reinitiation (24) , appears unlikely to apply to any of the 
15 TGB-containing viruses because the overlap between the TGB2 
and TG33 cistrons would require ribosomes to scan backwards 
after terminating TGB2 to reach the TGB3 initiation codon. 
It has been suggested that the TGB3 proteins of BSMV and 
PVX are translated by a leaky scanning mechanism (8, 9) 
20 The BNYW P15 gene may also be produced by leaky scanning 
although it should be noted, however, that the context of 
the BNYW P13 initiation codon (AUAAUGU) is nearly optimal 
and there are also two downstream AUG ' s which scanning 
subunits would have to ignore to reach the PIS initiation 
2 5 codon. 



The following examples are transformation of 
plant made by the technique described in the Incernacional 
30 Patent Application WO95/10178 incorporated herein by 
reference . 
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The plant material and growth conditions were 
the ones described by Hall et al . , Plant Cell Reports 12, 
pp. 339-342 (1993) Pedersen et al . , Plant Science 95, 
pp. 89-97 (1993), and Hall et al , Nature biotechnology 14, 
5 1996, in press. 

Plasmid vectors and DNA preparation 

The plasmid pET-P15 (harbouring the P15 
nucleic acid sequence) was restricted at its single BamHI 
10 site and blunt-ended with T4 DNA polymerase. After 
purification by electrophoresis in 0.8% agarose gel, the 
linear plasmid was restricted at its single Ncol site. The 
P15 gene fragment of 400' bp was purified by electrophoresis 
and inserted into pMJBX-Ub (harbouring the Arabidopsis 
15 poiyubiquitin promoter (Norris et al . , Plant Molecular 
Biology 21, pp. 895-906 (1993), a TMV enhancer sequence 
and the Nos 3 1 terminator) cut with NccI and Smal 
restriction endonucleases . In the plasmid so obtained 
(pMJBX-Ub-?15) , the nucleic acid sequence of the P15 gene 
20 is placed under the control of the Arabidopsis 
poiyubiquitin promoter followed by the TMV enhancer 
sequence. The EcoRI fragment from plasmid pB23 5SAck 
contains the pat gene, used as the selective marker, 
encoding phosphinothricin acetyl transferase (obtained from 
25 Agrevo, Berlin Germany). On this EcoRI fragment, the 
nucleic acid sequence of the pat gene is under the control 
of the 5 ( and 3' expression signals of the Cauliflower 
virus. The plasmid pMJBS6, resulting from the combination 
of this EcoRI -pat fragment and a partial EcoRI digestion of 
30 plasmid pMJBX-Ub- PI 5 , contains both the pat and the P15 
genes. This pMJBS6 plasmid is a high-copy plasmid based on 
the pUCIS vector and contains also the -lactamase gene 
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(ampr) . In the plasmid pIGPD7, harbouring the same pat 
fragment as pB235SAck, the -lactamase gene was replaced by 
an igpd (imidazole glycerol phosphate dehydratase) gene 
from Saccharomyces cerevisiae {Struhl et al . , Proceedings 
5 of the National Academy of Science USA 73, pp. 1471-1475 
(1976) . Selection for and maintenance of the plasmid in 
Escherichia coli was achieved by complementation of an 
auxotrophic hisB strain SB3 930 on minimal medium in the 
absence of antibiotics. The pis fragment, with its 
0 ubiquitin promoter and terminator sequence, was purified as 
a 2500 bp fragment obtained from the pMJBX-Ub- P15 plasmid 
after it was cut at the single Hindi I I site, followed by a 
partial ScoRI restriction. This fragment was blunt-ended 
and inserted in a blunt -ended pIGPD7 plasmid, cut at the 
single Ncol site. The resulting pIGPDS4 plasmid contains 
both the pat and the P15 genes on a vector without the S- 
laccamase gene. 

Plant aa^rifl^ 

In vitro shoot cultures of sugar beet 
plantlets were initiated to provide a reusable and uniform 
source of sterile starting material and were maintained 
with a 4 -weekly subculture period as described by Hall et 
al . , Plant Cell Reports 12, pp. 339-342 (1993). 

Eayq-e -scale isolation of .<?»g^ r beet, rpidermi* 

A modified version of the blender method by 
Kruse et al . , Plant Physiology 690, pp. 1382-1386 (1989) 
was used. For each isolation, 2 g leaves (with the midribs 
removed) from 4 week old shoots was blended in a Waring 
blender at maximum speed (23000 rpm) for 60 sec in a 250 ml 
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metal beaker containing 5 0 ml cold (4 °C) Ficoll medium 
(100 g /l Ficoll, 735 mg/1 CaCl 2 .2H 2 0, 1 g/1 PVP40, 

autoclaved) . The epidermal fragments were then recovered on 

a 297 /zm nylon filter and washed with 500 ml sterile tap 
5 water. These were rinsed from the filter into a 9 cm Petri 

dish using 10 ml CPW9M containing 3.8% (w/v) CaCl 2 .2H 2 0 
(Krens et al . , Theoretical and Applied Genetics 79, pp. 
3 90-3 96 (1990) . Any remaining leaf fragments were removed 
and dishes were preincubated for 1 h at room temperature. 



10 



Guard cell protoulast Isolation from enriched epidermis 

To recover the epidermis fraction, the 
suspension was centrifuged for 1 mm at 55 x g after which 
15 the supernatant was removed. The pellet was resuspended in 
50 ml enzyme mix and 5 ml aliquots were transferred to each 
of 10, 6 cm Petri dishes (Greiner, TC quality); sealed with 
parafilm and incubated overnight at 25 ° C in darkness with 
gentle agitation . The digestion medium consisted of CPW9M 
20 supplemented with 0.5% (w/v) Cellulase RS and 3% (w/v) 
Macerozyme R10 (Yakuit Honsha , Tokyo, Japan) , pH 5.8. The 
following morning, the protoplasts were generally seen 
floating near the surface of the digestion mix. After 
gentle agitation of the suspensions using a sterile pipette 
25 to release the protoplasts still adhering to cuticle 
fragments, the digestions were pooled and passed through 
297 and 55 fxm nylon filters. The filtrate was mixed with an 
equal volume of lso-osmouc Percoll containing 15% (w/v) 
sucrose (?ercoli!5S) and divided over 12 x 12 mi centrifuge 
30 tubes. In each tube, first 1 ml CPW15S (Krens et al., 1990) 
and then 0.5 ml 9% (w/v) mannitol containing 1 mM CaCl, 
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(9M) were carefully layered on top of the protoplast 
suspension. After centrif ugation at 55 x g for 10 min the 
viable guard cells were visible in bands at the CPW153/ 9M 
interface. To concentrate the protoplasts, these bands were 
5 collected and mixed with PercolllSS to give a final volume 
of 16 ml. This was then divided between 2 centrifuge tubes, 
layered as above and recentr'if uged . Careful removal of the 
9M layers yielded the enriched guard cell protoplast 
fraction for subsequent counting using a haemocytometer. 



10 



Protoplast trans format inn 

Transformations were performed in 12 ml 
centrifuge tubes, each containing l x 10$ protoplasts 
suspended in 0.75 ml 9M medium. Plasmid DNA (50 //g of 
15 pMJBX-Ub-P15 and pIGPDS4) was added and, immediately after 
mixing, 0.75 ml PEG medium was added dropwise (40% PEG 6000 
dissolved in F medium (Krens et al . , Nature 2 96, pp. 72-74, 
(1982) . After thorough mixing, the suspension was kept at 
room temperature for 30 min with intermittent agitation. 
20 Subsequently, at 5 min intervals, 4 x 2 ml aliquots of F 
medium were added. After centrif ugation for 5 min at 55 x g 
the supernatant was discarded and the protoplast pellet 
resuspended in 9M and recentrif uged . The cells were finally 
resuspended in 1 ml of 9M medium for counting. 



25 



30 



Protoplast culture and select; 

Protoplasts were embedded in Ca alginate and 
cultured in modified, liquid K8P medium (Hail et al 
1990) . To select for stably transformed cells, bialaphos, 
the active compound of Herbiace (Meiji Seika Ltd, Japan) 
was added after 7 days, to give a final concentration of 
20C Aig/i- On day 13, the alginate discs were cut into 3 mm 
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slices and transferred to PGo medium (De Greef and Jacobs , 
Plant Science Letters 17, pp. 55-61, 1979) supplemented 
with 1 }iM BAP (PG1B) and 250 /ig/1 bialaphos and solidified 
with 0.8% agarose. 

5 

Callus culture and regeneration 

After 21 days, the pieces of alginate 
containing the non-visible microcalli were transferred to 9 
cm Petri dishes containing 20 ml Medium K (3% sucrose, 0.8% 

10 agarose, 1 fiM BAP, PGo medium, pH = 5.8 autoclaved) . 
Culture was in the dark as above. 

Friable, watery-type calli on reaching the 
size of approximately 1-2 mm in diameter, were individually 
picked off and cultured in groups of 20 on fresh Medium K. 

15 At this stage, PGR analyses confirmed the presence of 
trans f ormant s . 



At two-weekly intervals all calli were 
subcultured on to fresh medium. 
20 Regenerants appeared during the first 8 weeks 

of culture of individual calli. When the first shoots were 
visible and had reached a size of approximately 2 mm, the 
dish was transferred into the light (3000 lux) , 25 °C, 15 
hour day length . 

25 Plantlets approximately 4 mm long were 

transferred to individual culture tubes containing 15 ml of 
Medium K and were further subcultured in the light as 
above . 



3 0 Rooting and transfer to the s oil 

When the plantlets had reached the four- leaf 
stages (usually after 5 to 6 weeks with one subculture 



BNS0OC1D: <WO 9807875A1_I_> 



10 



15 



WO 98/07875 PCT/BE97/00092 

35 

after 3 weeks) , they were transferred to culture tubes 
containing 15 ml of Medium L (3% sucrose, 0.8% agarose, 25 
fiM indolebutyric acid (IBA), PGo medium, pH = 5 . 8 
autociaved) (PGo medium described by De Greef W. et al 
Plants Science Letters 17, pp. 55-61 (1979)) and further 
cultured as above . 

When at least one root had reached a length 
of 1 cm, the plant lets were removed from the culture tubes 
and washed under running tap water to remove all fragments 
of the agar, and transferred to soil in 9 cm pots in the 
greenhouse . 

Plan-lets were covered with a transparent 
plastic cup to provide * a humid environment for 7 days, 
after which they could be grown without protection. 

The plant transformed by the sequence SEQ ID 
NO. 1 according to the invention is recovered and has been 
expressed P15 . 



DNA analysis 

20 Genomic DNA isolated from the primary 

transformants is el ectrophoresed in a 0.8% agarose gel 
after treatment with restriction enzymes and transferred * to 
a nitrocellulose membrane using standard procedures, 
according to the manuf acterer • s protocol. Hybridisation is 
25 performed with the DNA, as a 32 P-dATP- label led probes, 
whose presence it is desired to establish. The membranes 
were washed to a final stringency of 0.1% x SSC, 0.1% SDS 
at 60 °C. The hybridized DNA is visualised by darkening che 
X-ray film for 24 to 48 hours . 

30 
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PCR analysis 



Standard PCR techniques were used co detect a 



range of intact plasmid sequences. Reactions were performed 
using 25 cycles of 1 min denaturation at 94 °C, 1 min 
5 annealing; 2 min extension at 72 °C, with a final extension 
period of 5 min. The annealing temperatures were optimized 
for each primer combinat ion . The presence of the coding 
region of the BNYW PI 5 gene in the sugarbeet genome was 
verified by PCR using a pair of oligonucleotides as primssrs 

10 : M0V1, sense primer [5 ' -GGTGCTTGTGGTTAAAGTAGATTTATC--3 ' 
(nucleotides 3 to 29 on SEQ ID NO 1)] and MOV2 antisense 
primer [5 ' -CTATGATACCAAAACCAAACTATAGAC- 3 1 (complementary to 
the nucleotides 369 to 395 on SEQ ID NC 1)1. This 393 bp 
long fragment comprises the whole coding region of the ?15 

15 gene for BNYW (see figure 7) . 



with sugarbeet DNA from P15 - transf ormants (lane 5 to 7) and 
an untrans formed plant (lane 4) . Low DNA Mass Ladder® 
(Life Technologies) was used as a size marker (lane 1) . 
20 Lane 2 and 3 correspond to the positive controls 
(pMJBS6/pIGPDS4 ) . The arrow on the left shows the position 
of the expected PCR product . 

Southern blot hybr idisation analysis 

25 The integration of the BNYW P15 gene in the 

sugarbeet genome was verified by Southern blot 
hybridisation. Total DNA of primary transgenic regenerants 
was isolated, digested with restriction enzymes (PstI, 
Kpnl , Ncol, Sad), electrophoresec , blotted and hybridised 

30 with BNYW PiS-specific 32 P-labelled probes using PCR 
amplified MOV1-MOV2 fragment (see figure 8) . 



Figure 7 : Analysis of PCR products obtained 
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Figure 8: Southern bloc analysis. Lambda DNA 
digested with Hindi 1 1 was used as a size marker (lane l) 
Lanes 2 to 16, DNA of the transgenics: 2 to 4 digested with 
SaCI. 6 to 8 digested with PstI, 10 to 12 digested with 
5 Ncol, 14 to 16 digested with Kpnl . Lanes 5, 9, 13 and 17 
correspond to the untransf ormed plant. 
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CLAIMS 

1. Method for inducing resistance to a virus 
comprising a TGB3 sequence with the proviso that it is not 
the potato virus X, into a plant cell or a plant, 
5 comprising the following 
steps : 

- preparing a nucleic acid construct comprising a nucleic 
acid sequence corresponding to at least 7C% of che 
nucleic acid sequence of TGB3 of said virus or its 

10 corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active in a plant, 

- transforming a plant cell with che nucleic acid 
construct, and possibly 

- regenerating a transgenic plant from the transformed 
15 plant cell . 

2. Method according to the claim 1, 
characterized in that the nucleic acid sequence of the 
nucleic acid construct corresponds to at least 90% of the 
nucleic acid sequence of TGB3 of said virus or its 

2 0 complementary cDNA . 

3. Method according to the claim 1 or 2 , 
characterized in that the virus is selected from the group 
consisting of the apple stem pitting virus, the blueberry 
scorch virus, the potato virus M, the white clover mosaic 

25 virus, the Cymbidium mosaic virus, the barley stripe mosaic 
virus, the potato mop top virus, the peanut clump virus and 
the beet soil -borne virus. 

4. Method according to any of the preceding 
claims, characterized in that the plant cell is a stomacal 

30 cell. 

5. Method according to any of the preceding 
claims, characterized in that the plant is selected from 
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the group consisting of apple, blueberry, potato, clover, 
orchid, barley or peanut. 

6. Method according to claim 1 or 2, 
characterized in that the virus is BNYW, the nucleic acid 
5 sequence of TGB3 of said virus is comprised between the 
nucleotide 3627 and 4025 of the 5' strand of genomic or 
subgenomic RNA 2 of the BNYW and the plant is a beet, 
preferably a sugar beet (Beta vulgaris) . 

7 . Method according to any of the preceding 
10 claims, characterized in that the regulatory sequence 
comprises a promoter sequence or a terminator sequence 
active in a plant. 

8. Method according to claim 7 characterized 
in that the promoter sequence is a constitutive or a 

15 foreigner vegetal promoter sequence . 

9. Method according to the preceding claim 7, 
characterized in that the promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/or the polyubiqui t in Arabidopsis thaliana 

20 promoter . 

10 . Method according to any of the claim 7 ~o 
9, characterized in that the promoter sequence is a 
promoter which is mainly active* in the root tissue of 
plants such as the par promoter of the haemoglobin gene 

25 from Perosponia andersonii. 

11. Transgenic plant resistant to a virus 
with the proviso that it is not the potato virus X , 
comprising a nucleic acid construct having a nucleic acid 
sequence corresponding to at least 70% of the nucleic acid 

3 0 sequence of TGB3 of said virus or its corresponding cDNA, 
being operably linked to one or more regulatory sequence (s) 
active in a plant . 
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12. Transgenic plant according to the claim 
11, characterized in that the nucleic acid construct has a 
nucleic acid sequence corresponding to at least 90% of the 
nucleic acid sequence of TGB3 of said virus or its 

5 complementary cDNA. 

13. Transgenic plant according to the claim 
11 or 12, characterized in that the virus is selected from 
the group consisting of the apple stem pitting virus, the 
blueberry scorch virus, the potato virus M, the white 

10 clover mosaic virus, the Cymbidium mosaic virus, the potato 
virus X, the barley stripe mosaic virus, the potato mop top 
virus, the peanut clump virus and the beet soil -borne 
virus. 

14. Transgenic plant according to the claims 
15 11 to 13 being a plant selected from the group consisting 

of apple, blueberry, potato, clover, orchid, barley or 
peanut . 

15. Transgenic plant according to the claims 
11 or 12, characterized in that the transgenic plant being 

20 a beet, preferably a sugar beet (Beta ^I^ri.) the virus 
is BNYW and the nucleic acid sequence of TGB3 of said 
virus is comprised between the nucleotide 3627 and 4025 of 
the 5' strand of genomic or subgenomic RNA 2 of BNYW or 
its corresponding cDNA . 

25 16 • Transgenic plant according to any of the 

preceding claims 11 to 15, characterized in that the 
regulatory sequence comprises a promoter sequence and a 
terminator sequence active in a plant. 

17. Transgenic plant according to any of the 

30 preceding claims 11 to 16, characterized in that the 
regulatory sequence { s) comprise a promoter sequence which 
is a conscir ucive or a foreigner vegetal promoter sequence. 
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18* Transgenic plant according to the claim 
'17, characterized in that promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/or the polyubiquit in Arabidopsis thaliana 
5 promoter. 

19. Transgenic plant according to claim 17 or 
18 characterized in that 'the promoter sequence is a 
promoter which is mainly active in root tissues such as the 
par promoter of the haemoglobin gene from Perosponia 

10 andersonii . 

20. Transgenic plant tissue selected from -he 
group consisting of fruit, stem, root, tuber, seed of a 
plant according to any o'f the preceding claims 11 to 19. 

21. Reproducible structure obtained from a 
15 transgenic plant according to any of the preceding claims 

11 to 19. 
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Field of the invention 

The present invention is related to a method 
for inducing viral resistance into a cell and plant, 
especially BNYW-resistance into a sugar beet cell and 
15 plant and the viral resistant cell and plant obtained. 

Background Q f the invention and s tate of the art 

The widespread viral disease of the suaar 
beet plant (geCa V»iqar7P) called Rhizomania is caused by a 
20 furovirus, the beet necrotic yellow vein virus (BNYW) (23, 
24) which is transmitted to the root of the beet by the 
soiiborne fungus Polvmvya be tag (25) . 

The disease affects significantly acreages of 
the area where the sugar beet plant is grown for industrial 
25 use in Europe, USA and Japan and is still in extension in 
several places in Western Europe (26, 27) . As there exists 
no practical method to effectively control the spread of 
the virus at a large scale by chemical or physical means 
(28), neither in the plants nor in the soil, the main focus 
30 has been to identify natural sources of resistance within 
the sugar beet germplasm and to develop by breeding, 
varieties of sugar plants beet expressing the resistance 
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genes . A variety of such tolerance genes to the virus has 
been identified and, some have been successfully used in 
the breeding of commercial sugar beet varieties (29, 30, 
31) . 

5 Only the use of BNYW- resistant or tolerant 

varieties will enable farmers to grow sugar beet plants in 
BNYW - infected areas where sugar beet plant is an essential 
component of the crop rotation and contributes 
significantly to the grower's income. 
10 A number of detailed studies have shown that 

a difference in susceptibility to the BNYW - infection among 
sugar beet genotypes or varieties, generally reflect 
difference in the diffusion or translocation of the virus 
in the root tissues (32) . 
15 However, there are still few reports which 

indicate clearly that the tolerance genes, even from 
differing sources of sugar beet germplasm or wild relatives 
germplasm (33) , would provide distinct mechanisms of 
resistance. Such a situation would represent a more 
20 manageable situation to design long lasting BNYW- 
resistance strategies . 

Since 1986, number of reports and 
publications have described the use of isolated viral gene 
sequences expressed in plant to confer a high level of 
25 tolerance against the virus or even to confer a broad 
spectrum type of resistance against a number of related 
viruses (34, 35, 36) . One of the most documented viral 
resistance strategy based cn genetic engineering, in many 
cultivated species such as potato, squash, cucumber or 
30 tomato, is the use of the viral gene sequence encoding the 
coat -protein of the target virus (37} which under the 
C 3n:rol of olant regulatory elements, will be expressed in 
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the plant. 

However in the case of the coat -protein 
mediated resistance, the expression of a certain level of 
resistance in the transgenic plant might be attributed to 
5 different mechanisms such as RNA co-suppression and not 
necessarily to the production of the protein sequence. 

In general, the virus sequence will be 
transformed in an appropriated cell or a tissue culture of 
che plant species using an Aarobant-.rri ,,m mediated 
10 transformation system or a direct gene transfer method 
according to the constraints of the tissue culture or cell 
culture mechod which can be successfully applied in a given 
species. A whole plant will be regenerated and the 
expression of the transgene will be characterized. 
15 Though sugar beet is known as a recalcitrant 

species in cell culture, limiting the extent of practical 
genetic engineering applications in that species, there are 
number of isolated reports of successful transformation and 
regeneration of whole plants (38) . A few examples of 
2 0 engineering tolerance to the BNYW by transforming and 
expressing the BNYW coat -protein sequence in the sugar 
beet genome have also been published (39, W091/13159) 
though they rarely report data on whole functional 
transgenic sugar beet plants (40) . In particular, reports 
25 show limited data on the level of resistance observed in 
infected conditions with transgenic sugar beet plants 
transformed with a gene encoding a BNYW coat -protein 
sequence (4 1, 42 ) . 

A complete technology package inciucina a 
30 sugar beet transformation method and the use of the 
expression of the BNYW coat -protein sequence as resistance 
source in the transgenic sugar beet plar.c obtained by said 
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transformation method has been described in the Patent 
Application W091/13159. 

Based on the information published, it can 
not be concluded that the coat-protein mediated resistance 
5 mechanism provides any potential for conferring to the 
sugar beet plant a total immunity to the BNYW- infection by 
inhibiting completely the virus multiplication and 
diffusion mechanisms. To identify a resistance mechanism 
which enables to block significantly the spread of the 

10 virus at the early stage of the infection process would be 
a major criteria of success to develop such a transgenic 
resistance, in addition to the fact that even a level of 
resistance comparable to those known from the genes of 
resistance identified within the sugar beet germplasm would 

15 diversify the mechanisms of resistance available. 

Because the disease is shown to expand in 
many countries or areas, at a speed depending upon the 
combination of numerous local environmental and 
agricultural factors, there is a major interest to 

20 diversify the sources of genetic resistance mechanisms 
which may, alone or in combination, confer a stable and 
long lasting resistance strategy in the current and future 
varieties of sugar beet plants which are grown for 
industrial use. 

25 The publication of Xu K. et al . (Plant Cell 

Report, Vol. 15, pp. 91-96 (1995)) describes genetically 
engineering resistance construct to potato virus X in four 
commercial potato cultivars. However, said document states 
that transgenic potato clones which have included the 3 KG 

30 gene (the TGB3 construct). However, when these transgenic 
plants were challenged with PVX, there was no protection 
agamsc PVX suggesting that the OK protein does not play a 
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role in the protection against PVX . 

Aims of the in vention 

The present invention aims to provide a new 
5 method for introducing various viral resistances into a 
cell and a plant and the viral resistant cell and plant 
obtained . 

A main aim of the invention is co provide a 
new method for introducing BNYVV resistance into a cell and 
10 a plant and the BNYW- resistant cell and plane, in 
particular a sugar beet cell and plant ( Beta vulggjris 
ssp . ) , obtained. 



Summary of the invention 

15 The present invention provides the use of an 

alternative sequence of plant virus, especially the BNYW, 
to obtain a high degree of tolerance to the viral 
infection, in particular to ensure a rapid and total 
blocking of virus multiplication and diffusion mechanisms 
20 in a plant, especially in the sugar beet plant ( Beta 
vulgaris) , including fodder beet, Swiss Whard and table 
beet, which may also be subject to this viral infection. 
Expression of the resistance will- be obtained in transgenic 
cell and plant, especially sugar beet cells and plants 
25 produced by the transformation method subject to the Patent 
Application WO95/10178 or by other transformation methods 
based on Acrrobacterium tumefaciens or direct gene transfer. 
Because of its high efficiency, the transformation method 
as described in WO95/10178 enables the production of large 
30 numbers of t ransf ormated plants, especially sugar beet 
plants, and will be preferred to develop transgenic plants 
which may be analysed and characterized for their level of 
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viral resistance, especially BNYW Resistance, including 
their field evaluation. 

The genome of beet necrotic yellow vein 
furovirus (BNYW) consists of five plus-sense RNAs , two of 
5 which (RNAs 1 and 2) encode functions essential for 
infection of all plants while the other three (RNAs 3, 4 
and 5) are implicated in vector-mediated infection of sugar 
beet ( Beta vulgaris ) roots (1) . Cell-to-cell movement of 
BNYW is governed by a set of three successive, slightly 

10 overlapping viral genes on RNA 2 known as the triple gene 
block (TGB) (2) , which encode, in order, the viral proteins 
P42, P13 and P15 (gene products are designated by their 
calculated M r in kilodal'ton (3) . 

In the following description, the TGB genes 

15 and the corresponding proteins will be identified by the 
following terms : TGB1, TGB 2 , TGB 3 or by their encoded 
viral protein number P42, P13 and P15. TG3 counterparts are 
present in other furoviruses (4, 5), and in potex- , carla- 
and hordeiviruses (6) . 

20 In the table 1 are represented viruses having 

a TGB 3 sequence , the molecular weight of TGB 3 of said 
viruses, their host and references. 
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Table 1 



Virus 


Size oi 
TGB3 


: Host 


Reference 1 


Apple seem pitting virus 


8 kDa 


apple 


Jeikman, J. c en m 
Virol. 75, 1535-1542 
(1994) 


Blueberry scorch virus 


7 kDa 


blueberr 

y 


Cavileer et al . , j. 
Gen . Vi rol . 7 5, 711- 
720 (1994) 


Potato virus M 


7 kDa 


potato 


Zavnev et al . , j 1 
Gen. Virol. 12, 9-14 
(1991) J 


White clover mosaic 
virus 


8 kDa 


clover 


Forster et al . , 
Nucl. Acids Res. 16, 
291-303 (1988) 


Cymhidlum mosaic virus 


10 kDa 


orchid 


Neo et al., Plant 
Mol. Biol. 18, 1027- 
1029 (1992) 


Barley stripe mosaic 
virus 


17 kDa 


barley 


Gustaf son et alTTl 
Nucl. Acids Res. 14, 
3895-3909 (1986) 


Potato mop top virus 


21 kDa 


potato 


Scotc et al . , jH 
Gen . Vi rol . 7 5, 
3561-3568 (1994) 


Peanut clump virus 


17 kDa ] 


peanut I 
i 


■ierzog et al . , jH 
7en. Virol. 75, 
1147-3155 (1994) 


Beet soil -borne virus I 
-i--i-»5a&3fe 


12 kDa £ 
h 


sugar J- 
>eet I 

2 


Coenig et al . J 
Virology 216, 202- 
07 (1996) 



The Inventors propose herewith a new method 
for providing resistance to plane viruses into a plant by 
blocking virus multiplication and diffusion mechanisms into 
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said plant, especially into its root tissue. In order to 
demonstrate said resistance, the Inventors describe 
hereafter the effect of the overexpression of TGB sequences 
alone or in combination upon BNYW multiplication and 
5 diffusion mechanism in plants of C. quinoa which are also 
the hosts of the BNYW virus and which could be more easily 
manipulated by the man skilled in the art. 

The Inventors have also made experiments upon 
Beta macrocarpa . These results have shown that it will be 
10 possible to obtain also the transformation of plants by the 
method according to the invention and obtain expression of 
TGB 3 gene by said plants. Therefore, as explained in the 
following description, said method could be used to obtain 
various viral resistances into various plants species 
15 subject to infection by viruses characterized by the 
presence of a TGB 3 sequence in their genome. 

It is known that BNYW does not require 
synthesis of viral coat protein for production of local 
lesions on leaves of hosts such as ChenGPQdiuw qui no & (7) , 
20 indicating that virion formation is not required for cell- 
to-cell movement. 

However, the manner in which the TGB 
components assist in the movement * process is not understood 
although computer-assisted sequence comparisons have 
25 detected characteristic conserved sequences which may 
provide clues to their function. Thus, the 5 * -proximal TGB 
protein (TGB1) invariably contains a series of sequence 
motifs characteristic of an AT?/GTP-binriing helicase while 
the secOT? protein (TGB 2 ) always has two potentially 
30 membrane -spanning hydrophobic domains separated by a 
hydrophilic sequence which contains a highly conserved 
oeotide motif of unknown significance (6:. The sequence and 
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size of che third TGB protein (TGB3 ) is more variable 
although the N- terminal portion is generally rather 
hydrophobic. Subgenomic RNAs with 5' -termini mapping 
upstream of the BNYVV TGB1 and TGB2 open reading frames 
(ORFs) have been detected (Figure 1) but no such species 
has been reported for TGB 3 of BNYW (2), or of any other of 
the TGB-containing viruses. In the case of potato virus X 
(PVX; ref 8) and barley stripe mosaic virus (BSMV; ref . 9), 
there is evidence that the TGB 2 and TG33 products are 
expressed from the same subgenomic RNA. 

So far, no example has been reported of a 
virus in which the three TGB members are arranged 
differently on the same RNA or are parcelled out to 
different genome RNAs , suggesting that their association in 
a particular order might be important in regulating their 
function . 

The present invention concerns a method for 
inducing viral resistance to a virus comprising a triple 
gene block (TGB) with the proviso that it is not the potato 
virus X. Said virus is preferably selected from the group 
consisting of the apple stem pitting virus, the blueberry 
scorch virus, the potato virus M, the white clover mosaic 
virus, the Cymbidium mosaic virus; the barley stripe mosaic 
virus, the potato mop top virus, the peanut clump virus and 
the beet soil -borne virus; said method comprises the 
following steps : 

- preparing a nucleic acid construct comprising a nucleic 
acid sequence corresponding to at least 70% of che 
nucleic acid sequence of TGB 3 of said virus or its 
corresponding cDNA , being operabiy linked to one or more 
regulatory sequence (s) active in a plane, 
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- transforming a plant cell with the nucleic acid 
construct, and possibly 

- regenerating the transgenic plant fron the transformed 
plant cell. 

5 Preferably, the plant is a plant which may be 

infected by the above-described virus and is preferably 
selected from the group consisting of apple, blueberry, 
potato, clover, orchid, barley, peanut and sugar beet. 

The present invention concerns also the 
10 obtained plant cell and transgenic (or transformed) plant 
(made of said plant cells) resistant to said viruses and 
comprising said nucleic acid construct. 

The Inventors have also discovered 
unexpectedly that it is possible to induce BNYW- resistance 
15 into a plant by a method which comprises the following 
steps : 

- preparing a nucleic acid construct comprising a nucleic 
acid sequence corresponding to at least 70%, preferably 
at least 90%, of the nucleic acid sequence of comprised 

20 between the nucleotides 3627 and 4025 of the 5' strand of 
the genomic or subgenomic RNA 2 of the BNYW or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active in a plant, 

- transforming a plant cell with said construct, and 
25 possibly 

- regenerating a transgenic plant from the transformed 
plant eel 1 . 

The nucleic acid sequence comprised between 
the nucleotides 3627 and 4025 of the 5' strand of the 
30 genomic or subgenomic RNA 2 encoding the P15 protein is 
described in the figure 6 and in the publication (3) . Said 
nucleic acid sequence and the corresponding amino acid 
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sequence are described in the following specif iction as SEQ 
ID NO . i . 

Another aspect of the present invention 
concerns a plant cell and a transgenic plant (made of said 
5 plant cells) resistant to BNYW and comprising a nucleic 
acid construct having a nucleic acid sequence corresponding 
to at least 70%, preferably at least 90%, to the nucleic 
acid sequence comprised between the nucleotides 3627 and 
4025 of the 5' strand of the genomic or subgenomic RNA 2 of 
10 BNYVV or the corresponding cDNA, being operably linked to 
one or more regulatory sequence (s) active in the plant. 

Preferably, said plant cell or transgenic 
plant (made of said plant cells) resistant to BNYW is 
obtained by the method according to the invention. 
15 Th e variants of the nucleic acid sequence 

described as SEQ ID NO. 1 comprise insertion, substitution 
or deletion of nucleotides encoding the same or different 
amino acid(s). Therefore, the present invention concerns 
also said variants of the nucleic acid sequence SEQ ID NO. 
20 i which present more than 70% homology with said nucleic 
acid sequence and which are preferably able to hybridize to 
said nucleic acid sequence in stringent or non-stringent 
conditions . 

Preferably, said sequences are also able to 
25 induce BNYW resistance into a plant. 

The terms "induce a viral resistance into a 
plant" mean inducing a possible reduction or a 
significative delay into the appearance of infection 
symptoms, virus multiplication or its diffusion mechanisms 
30 into the plant; especially in the root tissue. 

The regulatory sequence (s) of said nucleic 
acid sequence are promoter sequence (s) and terminator 
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sequence (s) active into a plant. 

The nucleic acid construct may also include a 
selectable marker gene, which could be used to identify the 
transformed cell or plant and express the nucleic acid 
5 construct according to the invention. 

Preferably, the cell is a stomatal cell and 
the plant is a sugar beet ( Beta vulgaris ssp . ) made of said 
cells . 

According to the invention, the promoter 
10 sequence is a constitutive or foreigner vegetal promoter 
sequence, preferably selected from the group consisting of 
35S Cauliflower Mosaic Virus promoter sequence, 
polyubiquitin Arabidopsis thaliana promoter (43), a 
promoter which is mainly active in root tissues such as the 
15 par promoter of the haemoglobin gene from Perosponia 
andersonii (Landsman et al . Mol . Gen. Genet. 214 : 68-73 
(1988)) or a mixture thereof. 

A last aspect of the present invention is 
related to a transgenic plant tissue such as fruit, stem, 
20 root, tuber, seed of the transgenic plant according to the 
invention or a reproducible structure (preferably selected 
from the group consisting of calluses, buds or embryos) 
obtained from the transgenic plant or the cell according to 
the invention. 

25 The techniques of plant transformation, 

tissue culture and regeneration used in the method 
according to the invention are the ones well known by the 
person skilled in the art. Such techniques are preferably 
the ones described in the International Patent Applications 

30 WO95/10178 or W091/13159 corresponding to the European 
Patent Application EP-B-0517333 , which are incorporated 
herein bv reference. These techniques are preferably used 
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for Che preparation of transgenic sugar beets according t< 
the invention. 



Brief description of the drawings 

5 The figure 1 represents Structure of wild- type BNYW RNA 2 

and of repiicons expressing TGB proteins. 
The figure 2 represents the In vitro translation of the 
repiicons of the TGB genes in wheat germ 
extract . 

10 The figure 3 represents the amplification of the repiicons 

encoding the TGB proteins in Chenopodium 
quinoa protoplasts and expression of P42. 
The figure 4 represents the complementation of RNA 2 
transcripts containing defects in the 
15 different TGB genes by the corresponding 

wild-type gene supplied from a replicon. 
The figure 5 shows the effect of repiicons on infection 

with wild-type BNYW RNAs 1 and 2. 
The figure 5 represents the nucleotides and amino acid 
20 sequence of TGB 3 encoding the P15 of BNYW. 

The figure 7 shows the presence of the coding regions of 
the BNYW pis gene in the sugar beet genome 
by a PCR. 

The figure 3 shows the integration of the BNYW P15 gene 
25 in the sugar beec genome by Southern blot 

hybridisation . 

Description of the invent i on 

In order to identify the potential use of 
30 particular gene sequences isolated from che viral RNA2 of 
BNYW and to create BNYW- resistance in a sugar beet via 
plant transformation, the Inventors have investigated 
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whether independent expressions of the 3NYW TGB protein is 
possible by inserting the ORF of each into a viral 
replication-dependant "replicon" derived from BNYW RNA3 . 
The Inventors have showed that in mixed infections of Q^, 
5 quinoa leaves, the BNYW TGB1 or TGB2 protein so expressed 
can complement BNYW RNA 2 containing a mutation disabling 
the corresponding TGB protein. No complementation was 
observed with a replicon containing TGB 3 , however, unless 
the TGB3 ORF was positioned downstream of the ORF for TGB2 

10 in the replicon. When co- inoculated with wild-type RNAs 1 
and 2, the replicon expressing the TGB3 ORF of BNYW 
inhibited infection. The data are consistent with a model 
for expression of the TGB proteins in which translation of 
P15 from a dicistronic subgenomic RNA regulates P15 

15 expression levels in vivo. The Inventors have also 
identified that high expression of P15 could ensure a rapid 
and total blocking of virus multiplication and diffusion 
mechanisms in the plant. 



20 MATERIALS AND METHODS 

cDNA clones 

The transcription vector for production of 
wild-type full-length BNYW RNA 1 and RNA 2 were pB15 (10) 
and pB2-14 (11), respectively. Transcription vectors for 

25 previously described RNA 2 mutants were pB2-14-F, -H, -I 
and -J (2) and pB2-14-ASN, -AS12, -AS37, - AB1 , -AB2, -AB2, 
-AN and -GAA (11). The RNA 2 deletion mutant pB2-14- HP1 
was produced by elimination of the sequence between 
nucleotides 3 153 and 3258. The empty BNYW RNA 3 -derived 

30 replicon, repO, was obtained by transcription of the RNA 3 
deletion mutant pB35AAES (12) . TGB sequences for insertion 
into repO were amplified by the polymerase chain reaction 
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(PCR) using primers which each contained a non- tempiated 
BawHI site at their 5 ' -extremity . PCR fragments 
corresponding to the P42 gene (nucleotides 212 7-3297) , che 
P13 gene (nucleotides 3282-3650), the P15 gene (nucleotides 
3627-4025) and both the P13 and P15 genes (nucleotides 
3282-4025) were digested with BamHI and inserted into 
BamHI -cleaved pB35AAES. The resulting constructs were used 
to transcribe rep42 ( rep!3, repl5, and repl3i5, 
respectively. A replicon containing a frameshift mutation 
in the P15 ORF (RepiS-X) was produced by filling in the 
overhangs of an insert Xbal site (nucleotide 3948) . The 
insert frameshift mutations in repl3-I, repl315-i and 
repl5-J were created as described for the corresponding 
mutations in full-length RNA 2 (2) . Cloned PCR-ampli f ied 
15 sequences were verified to be error -free by sequencing 
(13) . 



10 



20 



In vitro transrrip fs 

Capped transcripts were prepared by 
bacteriophage T7 polymerase run-off transcription (10) of 
piasmid DNA linearized by Hindi II for pBIS and the replicon 
constructs and by Sail for pB2-14 and related constructs. 
Transcript concentration and integrity were evaluated by 
agarose gel electrophoresis. Leaves were mechanically 
25 inoculated with 50 /jlI per leaf of inoculation buffer 
containing l jzg of each transcript (2) . in some 
experiments, the RNA 1 and 2 transcripts were replaced by 
C.025 ng of the highly infectious viral RNA purified from 
BNYW isolate Stras 12 (10) . Preliminary experiments showed 
30 that this amount of viral RNA was approximately equivalent 
in infectivicy (as measured by a local lesion assay) to a 
mixture containing 1 each of "he RNA l and 2 
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transcripts. For protoplast infections; 0,5 /ig of viral 
RNAs 1 and 2 plus 3 jug replicon transcript were inoculated 
to 2 . 10 5 protoplasts by elect roporat ion (2). 

Transcripts obtained from replicons were 
5 translated in a wheat germ extract (14) and the [ 35 S] - 
labelled translation products were visualized by 
autoradiography after SDS-PAGE (15, 16). Radioactivity 
incorporated into translation products was quantified with 
a Fujix MAS1000 BioAnalyzer and the values were adjusted 
10 for methionine content in calculating relative translation 
levels . 

p ^grtion of viral RNA and proteins 

Total RNA was extracted (2) from inoculated 
15 leaves 10 days post - inoculation (pi) and from protoplasts 
48 hr pi. Viral RNA was detected by northern hybridization 
with 32 P-labelled antisense viral RNA transcripts (17) as 
probes. The RNA 1-specific probe was complementary to 
nucleotides 4740-5650, the RNA 2-specific probe to 
20 nucleotides 2324-3739 and the RNA 3-specific probe to 
nucleotides 1-380. P42 , P14 and coat protein were detected 
by Western blot of total protein extracts of infected 
protoplasts using a rabbit polyclonal antiserum specific 
for each protein (18) . The stability of mutations 
25 introduced into RNA 2 was tested by the polynucleotide 
chain reaction following reverse transcription (RT-PCR) of 
total RNA extracts from infected plants. Reverse 
transcripts were produced with an Expand™ reverse 
transcription kit (Boehringer) following the manufacturer's 
30 instructions. PCR was carried out essentially as described 
(19) using 25 cycles of the following regimen: 94 ° (30 
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sec), 50 o oo sec), 72 ° (3 min) . Primer pairs for PCR 
amplification of different regions of the RNA 2 cDNA 
corresponded to (or were complementary to, in the case of 
the second member of each pair of primers) nucleotides 
1143-1151 and 3393-3412 (P42 gene), and nucleotides 3151- 
3169 and 4128-4148 (P13 and P15 genes) . The primer used to 
initiate cDNA synthesis prior to the PCR reactions was 
complementary to nucleotides 4128-4148. 



RES ULT S 

Repl icons expressing the BMYVY TGB proteins 

Provided that sufficient sequences at the 3 1 - 
and 5 1 -extremities are retained, a BNYW RNA 3 transcript 
from which the central region has been deleted can 
replicate efficiently on C. quinoa leaves when coinoculated 
with RNAs 1 and 2, and can express a foreign gene inserted 
in place of the deleted sequence (12, 20) . The Inventors 
have used such an RNA 3 -based "replicon" to express each of 
the BNYW TGB proteins out of their normal context in RNA 2 
and tested the capacity of each replicon to complement an 
RNA 2 mutant defective in the corresponding TGB gene. 

The replicons employed in this study are 
depicted in Figure 1. Figure 1 A *is the Genome map of RNA 
2. The TGB genes are shaded and lines above the map 
indicate the extents of the subgencmic RNAs 2sub a and 
2sub b . The positions of deletions and frameshif t - inducing 
insertions in RNA 2 are indicated. The 5' - terminal cap 
Str ^i^ i3 denoted by a circle. P21 is che major viral 
coat protein. RT = readthrough domain (3 5 . (B) BNYW RNA 3- 
derived replicons containing the TGB genes of BNYW (light 
shading) or the TG33 gene encoding PI 7 of peanut clump 
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virus (PCV) (dark shading) . The Ba/nHI site in the empty 
replicon (repO) used for insertion of the PCR -amplif ied TGB 
sequences is shown. The positions of frameshi ft - inducing 
insertions in the various P13 and ?15 mutant replicons are 
5 indicated. In addition to the constructs rep42, repl3 and 
replS, which each contain a TGB gene, a fourth construct 
(repl315) was produced containing both the P13 and P15 
genes arranged in the same relative configuration as in RNA 
2. The ability of each replicon to direct expression of the 

10 inserted gene or genes was tested by in vitro translation 
of the transcript in a wheat germ extract. The rep42, repl3 
and repl5 transcripts each directed synthesis of an 
abundant product (Figure* 2A, lane 2; Figure 2B, lanes 2 and 
3) , which was not produced in translations programmed with 

15 transcript corresponding to the empty replicon, repO 
(Figure 2A r lane 1; Figure 2B, lane 1) . In the figure 2 
(A) , are represented S 35 -methionine - labelled translation 
products of the empty replicon repO (lane 1) and rep42 
(lane 2) displayed by autoradiography following PAGE (15). 

20 The indicated band was identified as ?42 by comparison of 
its mobility to that of molecular weight markers (not 
shown) . In the figure 2 (B) , are represented translation 
products directed by repO (lane 1), repl3 (lane 2), replS 
(lane 3) and repl315 (lane 4) displayed by autoradiography 

25 following PAGE (16) . The bands tentatively identified as 
P13 and P15 are indicated to the right . The background band 
denoted by an asterisk was also synthesized when no 
transcript was introduced into the translation extract. The 
relative mobilities of the various translation products 

30 were as expected except that the putative P13 migrated 
slightly more slowly than P15, presumably because of its 
nontypical amino acid composition. The dicistronic 
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construct repI315 directed synthesis of both P13 and P15 
(Figure 2B, lane 4) in relative molar amounts of 3:1 
(values corrected for the difference in methionine contents 

of the two proteins; if the N- terminal methionine of each 
5 protein is removed post - translat ionally , the molar ratio is 

5:1) . 

The capacity of' the repl icons to be amplified 
by the viral replication machinery in vivo was tested by 
coinocuiating replicon transcripts to C. cm.inr,* protoplasts 
10 along with BNYW RNA 1 s 1 and 2. Northern blot analysis of 
total RNA extracted from the protoplasts 48 hr pi revealed 
that all the repl icons containing the TGB genes were 
efficiently amplified "(Figure 3A) . The figure 3 (a) 
represents detection by northern hybridization of viral 
15 RNAs in Q. QUinQd protoplasts inoculated with BNYW RNAs 1 
and 2 alone (lane 2) or supplemented with repO (lane 3) , 
rep42 (lane 4) repl3 (lane 5) repl315 (lane 6) and repl5 
(lane 7) . RNA from mock- inoculated protoplasts was analyzed 
in lane 1. The protoplasts were harvested 43 hr pi and 
20 viral RNAs were detected using I2 P-labelled viral RNA- 
specific ancisense RNA probes. The replicons are indicated 
by arrow heads. The figure 3 (B) represents Immunodetection 
of P42 in total protein extracts- of C. auinna protoplasts 
inoculated with BNYW RNAs 1 and 2 (lane 2), transcript of 
25 wild-type RNA 1 plus transcript of the RNA 2 mutant pB2-14- 
H, which contains a frameshift mutation in the P42 gene 
(11) (lane 3), the RNA 1 and pB2-14-H transcripts plus 
rep42 (lane 4) . Protein extracted from mock- inoculated 
protoplasts was analyzed in lane 1. After PAGE (15) and 
30 electrotransf er to nitrocellulose, P42, major viral coat 
protein (CP) and P14 were immunodetected with a mixture of 
antisera specific for each protein (18) . The positions of 
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molecular weight standards are labelled in kilodaltons to 
the left of the blot. Western blot analysis revealed that 
the P42 level in protoplasts infected with a mixture of 
rep42 plus transcripts of RNA 1 and the frameshift mutant 
pB2-14-H, caused by filling in an Spel site within the P42 
gene of RNA 2 (see Figure 1), was about twice that in 
protoplasts infected with 'RNA 1 plus wild- type RNA 2 
(Figure 3B, lanes 2 and 3). Note that the levels of 
accumulation of two other immunodetect able RNA 2 gene 
products (the major viral coat protein and P14 ; Figurel) 
were not modified by the presence of rep42. P13 and P15 
could not be immuno-detected in such experiments. 

The BNYW TGB proteins ran be complemented in trans 

The ability of the replicons containing the 
TGB genes to supply movement functions in whole plants was 
tested by coinoculat ing leaves of the local lesion host 
quinoa. with one of a series of RNA 2 transcripts containing 
a mutation disabling a TGB gene plus a replicon containing 
the corresponding wild-type gene. In all experiments, the 
inoculum also contained transcript of wild-type RNA 1 as 
source of viral RNA-dependent RNA replicase, although this 
fact will not always be stated explicitly below. For the 
P42 gene, the RNA 2 mutants tested included the frameshift 
mutant (pB2-14-H) caused by filling in an Spel site at 
nucleotide 2280, a series of mutants containing short in- 
frame deletions at different positions m the P42 ORF 
(mutants pB2-14-AS12, -ASN, -AB1, -AB2, -AN , and -AH?:_ ; 
Figure 1A; also see ref . 11), and a deletion mutant (pB2- 
14-F; Figure 1) where removal of a 935 nucleotide sequence 
upstream of the P42 ORF has inactivated the promoter for 
the subgenomic RNA (RNA 2sub a ) responsible for P42 
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synthesis. Inocula containing RNA 1 transcript plus any one 
of the above mutant RNA 2 transcripts did not produce local 
lesions on qui no* and no progeny viral RNA could be 

detected in the inoculated leaves 10 days pi (Figure 4, 
i lanes 3 and 5; see ref . 11 for the other mutants), in the 
figure 4, the replicon indicated at the top of each lane 
was inoculated to leaves of ' c. cm inn* together with wild- 
type RNA 1 transcript plus either wild-type RNA 2 
transcript (lane 2) or the mutant RNA 2 transcript 
identified above each lane. In lanes 19 and 20 the inoculum 
contained rep42 and repis (lane 19) or rep42 and repl3l5 
(lane 20) , in addition to RNA 1 and pB2-14- HP1 
transcripts. Lane l contains RNA from a non- inoculated 
control plant. Inoculated leaves were harvested 10 days pi 
and tested for viral RNA contents by northern hybridization 
as described in Figure 3. The positions of replicons are 
indicated by arrows. When rep42 transcript was included in 
the inoculum, numerous local lesions (20-80 per leaf) 
appeared on the inoculated leaves except for the inoculum 
containing transcript of the RNA 2 deletion mutant pB2-14- 
HP1, which remained symptomless '. The resulting pale green 
lesions were similar in appearance to those elicited by 
inoculation with RNA 1 plus wild-type RNA 2 except for the 
RNA 2 mutant pB2-14-F, where necrotic local lesions were 
formed. In this later case, the necrotic lesion phenotype 
may be related to production of a truncated form of the 
readthrough (RT) protein by this RNA 2 mutant (7) . 

Northern hybridization of the inoculated 
leaves 10 days pi revealed the presence of progeny viral 
RNAs of the length expected for RNAs 1, 2 and rep42 for all 
the RNA 2 mutants (Figure 4, lanes 2, 4, 7-li) except the 
deletion mutant pE2-14- KP1 (Figure 4, lane 13). As will be 
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shown below, the failure of pB2-14-AHPl to be complemented 
by rep42 is probably due to deletion of the promoter for 
the subgenomic RNA (RNA 2subb) , which is believed to direct 
translation of the downstream TGB proteins. 
5 Similar complementation experiments were 

carried out with repl3, rep!5 and the dicistronic construct 
repl315. Both repl3 and repl315 were able to complement 
accumulation on leaves (Fig 4, lanes 14 and 15) of the 
mutant pB2-14-I, in which the P13 gene had been disabled by 
10 insertion of four nucleotides (the insertion created an 
Xhol site) , although the resulting local lesions were 
necrotic. Necrotic local lesions were also produced during 
mixed infections with the aforesaid replicons and wild-type 
RNA 1 and 2 (see below) , indicating that the replicon- 
15 related symptom phenotype is dominant over the wild-type. 
The novel symptoms may be related to differences in "he 
time course of synthesis or the level of accumulation of 
P13 when it is expressed from the replicon rather than 
full-length RNA 2 . 
20 In experiments such as those described above, 

it is important to demonstrate that the mutation originally 
introduced into the P42 or P13 gene on the RNA 2 transcript 
was still present in the progeny RNA 2, that is, the 
defective copy of the TGB gene on the transcript had not 
25 been converted to the wild- type by RNA recombination in 
planta (21) with the copy present on the replicon. 
Therefore, an RT-PCR experiment was carried out on the 
progeny viral RNA from a plane infected with RNA 1, pB2-14- 
H transcript: (P42 gene disrupted by filling in an Spel 
30 site) and rep42. The primer pair used in the RT-PCR 
hyb.idized to RNA 2 sequences flanking the P42 gene and 
hence amplifies the copy of the gene present in RNA 2 but 
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not the copy on the replicon, where the flanking sequences 
are absent. Restriction enzyme analysis revealed that the 
Spel site was absent in the resulting amplified DNA 
fragment, as expected for the mutated rather than the wild- 
5 type form of the TGB gene. Similar analysis of progeny 
viral RNA from plants infected with RNA 1, pB2-14-l 
(frameshift mutation in P13 gene creating anXhoI site) and 
either repl3 or re P 1315 similarly demonstrated that the 
mutation disabling the copy of the P13 gene on the RNA 2 
10 transcript was conserved in the progeny RNA 2 . We conclude 
that rep42 and repl3 are indeed complementing P42 and P13 
function by supplying the gene product in trans rather than 
simply serving as a source of the wild-cype TGB sequence 
for recombination. 

15 Unexpectedly, the replicon expressing the 

wild- type P15 gene (repl5) was unable to complement the 
PIS -defective RNA 2 mutant pB2-14-J in mixed inoculations. 
No local lesions formed on the inoculated leaves 10 days pi 
and no viral RNA could be detected in the leaves by 
20 northern blot (Fig 4, lane 17). On the other hand, when 
PB2-14-J transcript was coinoculated with repi3i5, local 
lesions (of the necrotic type) appeared and progeny viral 
RNAs were readily detected (Figure 4, lane 18). i n chis 
latter case, analysis of an RT-PCR product containing the 
25 P15 gene in the progeny RNA 2 revealed that the mutation 
disabling the gene was still present. Complementation of 
DB2-14-J still occurred when the P13 ORF in the dicistronic 
replicon was incerrupted by a frameshift mucation (repl315- 
I; Figure 1}, establishing" that expression of full-length 
30 P13 from the first ORF of the dicistronic replicon is not 
required fcr complementation by the downstream copy of the 



P15 gene 
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Evidence that P15 X£ expressed Lmm a_ dicistrc ni.r 

subg enon uc RN A 

An RNA 2 -derived subgenomic RNA (RNA 2sub b ) 
of about 1500 nucleotides length has been detected in 
5 BNYW- infected tissue (2) . The 5 ' -extremity of this species 
has not been mapped precisely but is predicted to lie near 
the 5' -terminus of the P13 ORF. No subgenomic RNA with 5'- 
end upstream of the P15 ORF has been detected, raising the 
possibility that, as in BSMV (8), P13 and P15 are both 
10 expressed from RNA 2sub] D . 

The aforementioned inability of rep42 to 
complement the P42 -defect ive RNA 2 mutant pB2-14- HP1 could 
stem from polar effects of the RNA 2 deletion on synthesis 
of downstream TGB proteins if the deletion has disabled the 
15 RNA 2subb promoter (The right-hand boundary of the deletion 

in pB2-14-AHPl is only 30 residues upstream of the P13 
initiation codon) . To test this hypothesis, an experiment 
was carried out in which the pB2-14-AHPl transcript v/as 
complemented with both rep42 and rep!3 1 5 . Leaves inoculated 

20 with this mixture developed local lesions and contained 
progeny viral RNA 1 s (Figure 4, lane 20) . If, on the other 
hand, repl3 rather than rep!315 was used along with rep42 
to complement pB2-24- HP1, no symptoms appeared and no 
progeny viral RN A ' s were detected by northern blot (Figure 

25 4, lane 19) . These observations are consistent with the 
hypothesis that the pB2-14- HP1 deletion interferes with 
expression of the downstream TGB ORF ' s , presumably by 
blocking RNA 2sub b transcription. Furthermore, the fact 
that complementation was successful with rep!3 15 but not 

30 with repl3 indicates that P15 as well as P13 is translated 
f rom RNA 2 subv^ . 
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Independent-, pyrcres sion of pi s inh ibits infection with wnn. 
tvoe viral RNA 

The ability of repl315 but not repi5 to 
complement the P15-def ective RNA 2 mutant pB2-14-j i n leaf 
5 infections could indicate that independent expression of 
P15 from the monocistronic replicon interferes with the 
viral infection cycle by producing the gene product in 
excessive quantities relative to P13 . To test this 
hypothesis, an experiment was carried out in which reDl5 
0 was inoculated to £\_ QujnQa. leaves along with wild- type 
viral RNAs 1 and 2. No lesions appeared on the inoculated 
leaves, even at late times pi (Figure 5A) , and no viral RNA 
could be detected by northern blot (Figure 5B, lane 6) . The 
figure 5 (A) represents leaves of C. cm inn* inoculated with 
5 RNAs 1 and 2 (left) or RNAs 1 and 2 plus repl5 (right) . The 
leaves were photographed 2 0 days pi when the local lesions 
on the leaf to the left had expanded so as to cover much of 
the leaf surface. In the figure 5 (B) , analysis by northern 
hybridization (as described in Figure 3) of the viral RNA 
contents of C- <juinea leaves inoculated with BNYW RNAs 1 
and 2 alone (lane 1) or together with repO (lane 2) , rep42 
(lane 3), repl3 (lane 4), repl315 (lane 5), replS (lane 6), 
repl5-J (lane 7), repl5-X (lane 8) or repPCV-Pi7 (lane 9). 
The positions of replicons are indicated by arrows. (c) 
Analysis by northern hybridization of the viral RNA 
contents of the inoculated leaves (lanes 1, 3 and 5) and 
the roots (lanes 2, 4 and 6) of Beta macmnarp * either 
mock- inoculated (lanes 1 and 2), inoculated with BNYW RNAs 
1, 2 and 3 (lanes 3 and 4) or with RNAs 1, 2 and 3 plus 
repl5 (lanes 5 and 6) . RNA 3 was included in the inoculum 
because it is necessary for systemic movement in B 
macrocarpa (22! . Under these conditions, leaves inoculated 
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2 alone were heavily infected (Figure 5A; 
2). The inhibition of virus infection by 
replS was dose-dependent. Addition of ten times less repi5 
to the inoculum mix still resulted in almost complete 
5 inhibit ion of lesion formation but lesser amounts of the 
replicon were progressively less effective in blocking the 
infection. ReplS also blocked the appearance of progeny 
viral RNA in the inoculated leaves and in the roots cf B eta 
ma.aroca.rpa . a systemic host of BNYW (Figure 5C, lanes 5 
10 and 6) . The empty replicon, repO, and replicons expressing 
the other two TGB proteins (rep42, repl3, repi315), on zhe 
other hand, did not significantly inhibit BNYW infection 
of C. quinoa leaves (Figure SB, lanes 2-5) . 

Since replB did not interfere with 
15 amplification of RNA 1 and 2 in C. quinoa protoplasts (see 
Figure 3), this suggests that the replicon interferes with 
movement of the virus from the initial site of infection 
into neighbouring cells (cell-to-cell movement) during 
local lesion formation on leaves. Lesion formation was riot 
20 inhibited by comoculat ion of Stras 12 RNA with the 
replicons repl5-J or repl5-X (Figure 5B, lanes 7 and 8), 
which encode frame shift - truncated forms of PI 5 . This 
finding confirms that expression of P15 from the repliccn, 
rather than the simple presence of the corresponding RNA 
25 sequence, is required for inhibition during the mixed 
infection experiments. In the presence of repl5-X, however, 
the resulting local lesions were about one third the 
diameter cf the lesions formed by infection with Stras 12 
alone or with Stras 12 plus replS - J and the content of 
30 progeny viral RNA m the infected leaves was significantly 
lower (Figure 5B, lane 8). This finding suggests that the 
almost full-length PI 5 molecule produced by repl5-X, 
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(57) Abstract 

The present invention concerns a method for inducing resistance to a virus comprising a TGB2 sequence into a cell plant or a plant, 
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nucleotide sequence of TGB2 of said virus or its complementary cDNA, being operabl y linked to one or more regulatory sequence(s) active 
in a plant, transforming a plant cell with the nucleotide construct, and possibly regenerating a transgenic plant from the transformed plant 
cell. The present invention is also related to the plant obtained. 
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METHOD FOR INDUCING VIRAL RESISTANCE INTO A PLANT 

10 

Field of the invention 

The present invention is related to a method 
for inducing viral resistance into a cell and a plant, 
especially BNYW-resistance into a sugar beet cell and 
15 plant. 

Background of the invention and state of the art 

The widespread viral disease of the sugar 
beet plant ( Beta vulgaris ) called Rhizomania is caused by a 

2 0 benyvirus, the beet necrotic yellow vein virus (BNYW) (23, 
24) which is transmitted to the root of the beet by the 
soilborne fungus Polymyxa betas (25) . 

The disease significantly affects acreages 
where the sugar beet plant is grown for industrial use in 

25 Europe, USA and Japan and is still in extension in several 
places in Western Europe (26, 27). As there exists no 
practical method to effectively control the spread of the 
virus at a large scale by chemical or physical means (28) , 
neither in the plants nor in the soil, the main focus has 

tO been to identify natural sources of resistance within the 
sugar beet germplasm and to develop by breeding, varieties 
of sugar beet plants expressing the resistance genes. A 
variety of such tolerance genes to the virus have been 
identified and, some have been successfully used in the 

5 breeding of commercial sugar beet varieties (29, 30, 31). 



CONFIRMATION COPY 
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Only the use of BNYW-resistant or tolerant 
varieties will enable farmers to grow sugar beet plants in 
BNYW- infected areas where the sugar beet plant is an 
essential component of the crop rotation and contributes 
5 significantly to the grower's income. 

A number of detailed studies have shown that 
a difference in susceptibility to the BNYW-inf ection among 
sugar beet genotypes or varieties, generally reflect 
difference in the diffusion or translocation of the virus 
10 in the root tissues (32) . 

However, there are still few reports which 
indicate clearly that the tolerance genes, even from 
differing sources of sugar beet germplasm or wild relatives 
germplasm (33), would provide distinct mechanisms of 
15 resistance. Such a situation would represent a more 
manageable situation to design long lasting BNYW- 
resistance strategies . 

Since 1986, a number of reports and 
publications have described the use of isolated viral gene 
20 sequences expressed in plants to confer a high level of 
tolerance against the virus or even to confer a broad 
spectrum type of resistance against a number of related 
viruses (34, 35, 36). One of the most documented viral 
resistance strategy based on genetic engineering, in many 
25 cultivated species such as potato, squash, cucumber or 
tomato, is the use of the viral gene sequence which under 
the control of plant regulatory elements, encodes the coat- 
protein of the target virus (37) . 

However, for coat -protein mediated 

30 resistance, the expression of a certain level of resistance 
in the transgenic plant might be attributed to different 
mechanisms such as RNA co-suppression and not necessarily 
to the production of the protein sequence. 

In general, the virus sequence will be 
35 transferred in an appropriate cell or tissue culture of the 
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plant species using an Agrobacterium mediated 
transformation system or a direct gene transfer method 
according to the constraints of the tissue culture or cell 
culture method which can be successfully applied in a given 
5 species. A whole plant will be regenerated and the 
expression of the transgene will be characterized. 

Though sugar beet is known as a recalcitrant 
species in cell culture, limiting the extent of practical 
genetic engineering applications in that species, there are 
10 number of isolated reports of successful transformation and 
regeneration of whole plants (38) . A few examples of 
engineering tolerance to the BNYW by transforming and 
expressing the BNYW coat -protein sequence in the sugar 
beet genome have also been published (39, W091/13159) 
15 though they rarely report data on whole functional 
transgenic sugar beet plants (40) . In particular, reports 
show limited data on the level of resistance observed in 
infected conditions with transgenic sugar beet plants 
transformed with a gene encoding a BNYW coat -protein 
20 sequence (41, 42) . 

A complete technology package including a 
sugar beet transformation method and the use of the 
expression of the BNYW coat-protein sequence as resistance 
source in the transgenic sugar beet plant obtained by said 
25 transformation method has been described in the Patent 
Application W091/13159. 

Based on the information published, it can 
not be concluded that the coat-protein mediated resistance 
mechanism provides any potential for conferring to the 
30 sugar beet plant a total immunity to the BNYW- infection by 
inhibiting completely the virus multiplication and 
diffusion mechanisms. To identify a resistance mechanism 
which significantly blocks the spread of the virus at the 
early stage of the infection process would be a major step 
35 toward successfully developing such a transgenic 
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resistance. In addition, such resistance would diversify 
the mechanisms of resistance available. 

Because the disease is shown to expand in 
many countries or areas, at a speed depending upon the 
5 combination of numerous local environmental and 
agricultural factors, there is a strong interest 
diversifying genetic resistance mechanisms which may, alone 
or in combination, confer a stable and long lasting 
resistance strategy in the current and future varieties of 
10 sugar beet plants which are grown for industrial use. 

The genome of beet necrotic yellow vein 
benyvirus (BNYW) consists of five plus-sense RNAs, two of 
which (RNAs 1 and 2) encode functions essential for 
infection of all plants while the other three (RNAs 3, 4 
15 and 5) are implicated in vector-mediated infections of host 
plants ( Beta macrocarpa , Beta vulgaris , Spinacear oleracea , 
Chenopodium quinoa , etc.) roots (1). Cell-to-cell movement 
of BNYW is governed by a set of three successive, slightly 
overlapping viral genes on RNA 2 known as the triple gene 
20 block (TGB) (2), which encode the viral proteins P42, P13 
and P15 (gene products are designated by their calculated 
M r in kilodalton (3) . 

In the following description, the TGB genes 
and the corresponding proteins will be identified by the 

25 following terms: TGB1 , TGB2 , TGB 3 or by their encoded viral 
protein number P42, P13 and P15. TGB counterparts are 
present in other plant viruses and the characteristics of 
their TGB have allowed the classification of said viruses 
in two groups: the viruses of group I which include 

3 0 hordeiviruses, benyviruses, pecluviruses and pomoviruses 
and the viruses of group II represented by potexviruses and 
carlaviruses (4, 5, 6, 44) . 

For the viruses of group II, capsid protein 
is also involved in the cell-to-cell movement of viruses. 
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The development of a resistance to viral 
infections into a plant by blocking the cell-to-cell 
movement has been described for the potato viruses X (PVX) 
(45) and for the white clover mosaic virus (WC1MV) (46) in 
5 Ni cotiana ben thami ana . These two viruses belong to the 
above-described group II. In both cases, various amino 
acids were replaced by Alanine in the hydrophilic part of 
the TGB sequence downstream of the N- terminal hydrophobic 
domain of said amino acid sequence. However, it was not 
10 possible with said mutants to obtain total resistance, 
especially when a virus challenger concentration is 
increasing into the plant. 

Aims of the invention 

15 The present invention aims to provide a new 

method for introducing various viral resistances into a 
cell and a plant and the viral resistant cell and plant 
obtained . 

A main aim of the invention is to provide a 
20 new method for introducing BNYW resistance into a cell and 
a plant and the BNYW-resistant cell and plant, in 
particular a sugar beet cell and plant ( Beta vulgaris 
ssp . ) , obtained. 

25 Summary of the invention 

The present invention provides the use of an 
alternative sequence of plant virus, especially the BNYW, 
to obtain a high degree of tolerance to the viral 
infection, in particular to ensure a rapid and total 

30 blocking of virus multiplication and diffusion mechanisms 
in a plant, especially in the sugar beet plant (Beta 
vulgaris ) , including fodder beet, Swiss chard and table 
beet, which may also be subject to this viral infection. 
Expression of the resistance will be obtained in transgenic 

35 cell and plant, especially sugar beet cells and plants 
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produced by the transformation method subject to the Patent 
Application WO95/10178 or by other transformation methods 
based on Agroba c t eri urn t umefa ci en s or direct gene transfer. 
Because of its high efficiency, the transformation method 
5 as described in WO95/10178 enables the production of large 
numbers of transformed plants, especially sugar beet 
plants, and will be preferred to develop transgenic plants 
which may be analysed and characterized for their level of 
viral resistance, especially B3STYW Resistance, including 
10 their field evaluation. 

In the table 1 are represented viruses having 
a TGB2 sequence, the molecular weight of TGB2 of said 
viruses, their host and references. 
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Table 1 



Virus 


Size of 
TGB2 
(JcDa) 


Host 


Reference 


GROUP I 


Beet necrotic yellow 
vein virus 


13 


beet 


Bouzouba et al . , J. 
Gen. Virol. 67, 
1689-1700 (1986) 


Barley stripe mosaic 
virus 


14 


barley 


Gustaf son et al. , 
Nucl. Acids Res. 14, 
3895-3909 (1986) 


Potato mop top virus 


13 


potato 


Scott et al . , J*. 
Gen. Virol. 75, 
3561-3568 (1994) 


Peanut clump virus 


14 


peanut 


Herzog et al., J*. 
Gen. Virol. 75, 
3147-3155 (1994) 


Beet soil -borne virus 


13 


sugar 
beet 


Koenig et al . , 
Virology 216, 202- 
207 (1996) 


GROUP II 


Apple stem pitting virus 


13 


apple 


Jelkman, J. Gen. 
Virol. 75, 1535-1542 
(1994) 


Blueberry scorch virus 


12 


blue- 
berry 


Cavileer et al . , J. 
Gen. Virol. 75, 711- 
720 (1994) 


Potato virus M 


12 


potato 


Zavriev et al., J. 
Gen. Virol. 12, 9-14 
(1991) 


White clover mosaic 
virus 


13 


clover 


Forster et al . , 
Nucl. Acids Res. 16, 
291-303 (1988) 


Cymbi di urn mosaic virus 


14 


orchid 


Neo et al . , Plant 
Mol. Biol. 18, 1027- 
1029 (1992) 



The Inventors propose herewith a new method 
for providing resistance to plant viruses into a plant by 
5 blocking virus multiplication and diffusion mechanisms into 
said plant, especially into its root tissue. In order to 
demonstrate said resistance, the Inventors describe 
hereafter the effect of the overexpression of TGB2 sequence 
alone or in combination upon BNYW multiplication and 
10 diffusion mechanism in plants of C. quinoa which are also 
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the hosts of the BNYW virus and which could be more easily 
manipulated by the man skilled in the art. 

It is known that BNYW does not require 
synthesis of viral coat protein for production of local 
5 lesions on leaves of hosts such as Chenopodium quinoa (7), 
indicating that virion formation is not required for cell- 
to-cell movement. 

However, the manner in which the TGB 
components assist in the movement process is not understood 
10 although computer-assisted sequence comparisons have 
detected characteristic conserved sequences which may 
provide clues to their function. Thus, the 5 1 -proximal TGB 
protein (TGB1) invariably contains a series of sequence 
motifs characteristic of an ATP/GTP-binding helicase while 
15 the second protein (TGB2) always has two potentially 
membrane -spanning hydrophobic domains separated by a 
hydrophilic sequence which contains a highly conserved 
peptide motif of unknown significance (6) . 

So far, no example has been reported of a 
20 virus of group I in which the three TGB members are 
arranged differently on the same RNA or are parcelled out 
to different genome RNAs , suggesting that their association 
in a particular order might be important in regulating 
their function. 

25 The present invention concerns a method for 

inducing viral resistance to a virus of group I comprising 
the triple gene block (TGB2) . Said viruses of group I 
comprise hordeiviruses , benyviruses, pecluviruses and 
pomoviruses, preferably viruses selected from the group 

30 consisting of the beet necrotic yellow vein virus, the 
barley stripe mosaic virus, the potato mop top virus, the 
peanut clump virus and the beet soil -borne virus; said 
method comprises the following steps: 

- preparing a nucleotide construct comprising a nucleotide 
35 sequence corresponding to at least 70% of the wild-type 
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nucleotide sequence of TGB2 of said group I virus or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active in a plant, 

- transforming a plant cell with the nucleotide construct, 
5 and possibly 

- regenerating the transgenic plant from the transformed 
plant cell. 

Advantageously, the nucleotide sequence 
corresponding to at least 70% of the wild-type nucleotide 

10 sequence of TGB2 or its corresponding cDNA comprise the 
substitution of at least one amino acid into another 
different amino acid in the TGB2 wild-type sequence SEQ ID 
NO. 1 (Fig. 1} . Preferably, the substitution of at least 
one amino acid into another different amino acid is made in 

15 regions rich in hydrophilic amino acids usually present at 
the surface of the corresponding protein in its native 
configuration. Preferably, a modification is made in the. 
hydrophilic region of the wild-type sequence downstream the 
N-terminal hydrophobic domain and just upstream the 

2 0 conserved central domain. 

According to a preferred embodiment of the 
present invention, said amino acids are each substituted by 
the amino acid Alanine. 

Preferably, the plant or plant cell is a 

25 plant or plant cell which may be infected by the above- 
described virus and is preferably selected from the group 
consisting of potato, barley, peanut and sugar beet. 

The present invention concerns also the 
obtained plant cell and transgenic (or transformed) plant 

30 (made of said plant cells) resistant to said viruses and 
comprising said nucleotide construct. 

The Inventors have also discovered 
unexpectedly that it is possible to induce BNYVV- resistance 
into a plant by a method which comprises the following 

35 steps: 
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- preparing a nucleotide construct comprising a nucleotide 
sequence corresponding to at least 70%, preferably at 
least 80%, more preferably at least 90%, of the wild-type 
nucleotide sequence comprised between the nucleotides 

5 3287 and 3643 of the 5' strand of the genomic or 
subgenomic wild-type RNA 2 of the BNYW or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active in a plant, 

- transforming a plant cell with said construct, and 
10 possibly 

- regenerating a transgenic plant from the transformed 
plant cell. 

The nucleotide sequence comprised between the 
nucleotides 3287 and 3643 of the 5' strand of the genomic 

15 or subgenomic RNA 2 encoding the P13 protein is described 
in the Fig. 1 (SEQ ID NO. 1). A preferred mutated 
nucleotide sequence and its corresponding mutated amino 
acid sequence are described in the following specification 
as SEQ ID NO. 3 (Fig. 2) . 

20 Another aspect of the present invention 

concerns a plant cell and a transgenic plant (made of said 
plant cells) resistant to BNYW and comprising a nucleotide 
construct having a nucleotide sequence corresponding to at 
least 70%, preferably at least 80%, more preferably at 

25 least 90%, of the nucleotide sequence comprised between the 
nucleotides 3287 and 3643 of the 5' strand of the genomic 
or subgenomic wild- type RNA 2 of BNYW or its corresponding 
cDNA, being operably linked to one or more regulatory 
sequence (s) active in the plant. 

10 Preferably, said plant cell or transgenic 

plant (made of said plant cells) resistant to BNYW is 
obtained by the method according to the invention. 

The variants of the wild-type nucleotide 
sequence (SEQ ID NO. 1) comprise insertion, substitution or 

15 deletion of nucleotides encoding the same or different 
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amino acid(s) (see Fig. 2). Therefore, the present 
invention concerns also said variants of the nucleotide 
sequence of SEQ ID NO. 1, for example SEQ ID NO. 3, which 
present at least 70%, preferably at least 80%, more 
5 preferably at least 90%, homology with said nucleotide 
sequence and which are preferably able to hybridise to said 
nucleotide sequence in stringent or non-stringent 
conditions as described by Sambrook et al . , §§ 9.47-9.51 in 
Molecular Cloning : A Laboratory Manual, Cold Spring 
10 Harbor, Laboratory Press, Cold Spring Harbor, New York 
(1989) . 

A nucleotide sequence corresponding to at 
least 70%, preferably at least 80%, more preferably at 
least 90%, of the nucleotide sequence comprised between the 

15 nucleotides 3287 and 3643 of the 5' strand of the genomic 
or subgenomic wild-type RNA 2 of BNYW or its corresponding 
cDNA, is preferably a sequence comprising a substitution of 
at least one amino acid into another different amino acid 
in the wild-type RNA2 sequence of the BNYW or its 

20 corresponding cDNA . Preferably said substitution is made in 
regions in which hydrophilic amino acids are usually 
present at the surface of the protein in its native 
configuration (47) as described in Fig. 2 (A = substitution 
by Alanine) . Preferably, said substitution of one or more 

25 amino acids is a mutation which allows the substitution of 
one or more amino acids into one or more Alanine amino 
acids . 

According to a preferred embodiment of the 
present invention, said nucleotide sequence is SEQ ID 
3 0 NO. 3. 

Preferably, said sequences are also able to 
induce BNYW resistance into a plant. 

The terms "induce a viral resistance into a 
plant" mean inducing a possible reduction or a significant 
35 delay into the appearance of infection symptoms, virus 
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multiplication or its diffusion mechanisms into the plant, 
especially in the root tissues. 

In Fig. 3 are represented results showing the 
capacity of a plant coinoculated with virus containing a 
5 replicon construct with the nucleotide sequence according 
to the invention, especially the sequence SEQ ID NO. 3, to 
inhibit the movement by BNYW in C. Quinoa , The infectious 
factor of BNYW is shown by the appearance of local lesions 
of leaves of said plant after co-inoculation of wild-type 

10 virus S12. Fig. 3 presents the number of local lesions upon 
leaves of a plant by a BNYW S12 isolate (comprising RNA1 
and RNA2) when co-inoculated with various replicons 
incorporating either mutated sequences including SEQ ID NO. 
3 identified in Fig. 2 or a wild- type nucleotide sequence 

15 (T) . 

Eight days after said inoculation, the local 
lesions are identified. The results of three experiments 
show that the decreasing of said effect is mostly observed 
with the co-inoculation of the mutated sequence SEQ ID NO. 

20 3 (up to 100% inhibition) . This effect is not due to a 
possible blocking effect upon RNA1 and RNA2 replication, 
but the replicons according to the invention allow a 
blocking of the biochemical mechanisms involved in cell-to- 
cell movements by the infectious virus. 

25 The regulatory sequence (s) of the nucleotide 

sequence according to the invention are promoter 
sequence (s) and terminator sequence (s) active into a plant. 

The nucleotide construct may also include a 
selectable marker gene, which could be used to identify the 

30 transformed cell or plant and express the nucleotide 
construct according to the invention. 

Preferably, the cell is a stomatal cell and 
the plant is a sugar beet ( Beta vulgaris ssp .) made of said 
cells . 
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According to the invention, the promoter 
sequence is a constitutive or foreigner promoter sequence. 
Examples are 35S Cauliflower Mosaic Virus promoter 
sequence, polyubiquitin Arabidopsis thai i ana promoter (43), 
5 a promoter which is mainly active in root tissues such as 
the par promoter of the haemoglobin gene from Perosponia 
andersonii {Landsman et al . , Mol . Gen. Genet. 214 : 68-73 
(1988)) or a mixture thereof. 

A last aspect of the present invention is 

10 related to a transgenic plant tissue such as fruit, stem, 
root, tuber, seed of the transgenic plant according to the 
invention or a reproducible structure (preferably selected 
from the group consisting of calluses, buds or embryos) 
obtained from the transgenic plant or the cell according to 

15 the invention. 

The techniques of plant transformation, 
tissue culture and regeneration used in the method 
according to the invention are the ones well known by the 
person skilled in the art. Such techniques are preferably 
the ones described in the International Patent Applications 
WO95/10178 or W091/13159 corresponding to the European 
Patent Application EP-B- 0517833 , which are incorporated 
herein by reference. These techniques are preferably used 
for the preparation of transgenic sugar beets according to 
25 the invention. 



20 
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CLAIMS 

1. Method for inducing resistance to a group 
I virus comprising a TGB2 sequence into a plant cell or a 
plant, comprising the following steps: 
5 - preparing a nucleotide construct comprising a nucleotide 
sequence corresponding to at least 70% of the nucleotide 
sequence of TGB2 of said virus or its complementary cDNA, 
being operably linked to one or more regulatory 
sequence (s) active in a plant, 

10 - transforming a plant cell with the nucleotide construct, 
and possibly 

- regenerating a transgenic plant from the transformed 
plant cell . 

2. Method according to the claim 1, 
15 characterized in that the nucleotide sequence of the 

nucleotide construct corresponds to at least 80%, 
preferably at least 90%, of the nucleotide sequence of TGB2 
of said virus or its complementary cDNA. 

3. Method according to the claim 1 or 2 , 
20 characterized in that the group I virus is selected from 

the group consisting of hordeiviruses , benyviruses, 
pecluviruses and pomoviruses, preferably selected from the 
group consisting of the beet necrotic yellow vein virus, 
the barley stripe mosaic virus, the potato mop top virus, 
25 the peanut clump virus and the beet soil -borne virus. 

4 . Method according to any of the preceding 
claims, characterized in that the plant cell is a stomatal 
cell . 

5. Method according to any of the preceding 
30 claims, characterized in that the plant is selected from 

the group consisting of sugar beet, potato, barley or 
peanut . 

6. Method according to claim 1 or 2, 
characterized in that the virus is BNYW, the nucleotide 

35 sequence of TGB2 of said virus is comprised between the 
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nucleotide 3287 and 3643 of the 5* strand of genomic or 
subgenomic RNA 2 of the BNYW and the plant is a beet, 
preferably a sugar beet (Beta vulgaris) . 

7 . Method according to any of the preceding 
5 claims, characterized in that the regulatory sequence 

comprises a promoter sequence or a terminator sequence 
active in a plant. 

8. Method according to claim 7 characterized 
in that the promoter sequence is a constitutive or a 

10 foreigner promoter sequence. 

9. Method according to the preceding claim 7, 
characterized in that the promoter sequence is selected 
from the group consisting of 3 5S Cauliflower Mosaic Virus 
promoter, and/or the polyubiquitin Arabidopsis thaliana 

15 promoter. 

10. Method according to any of the claim 7 to 
9, characterized in that the promoter sequence is a 
promoter which is capable of being active mainly into the 
root tissues of plants, such as the par promoter of the 

20 haemoglobin gene from Perosponia andersonii. 

11. Transgenic plant resistant to a group I 
virus comprising a nucleotide construct having a nucleotide 
sequence corresponding to at least 70% of the nucleotide 
sequence of TGB2 of said virus or its corresponding cDNA, 

25 being operably linked to one or more regulatory sequence (s) 
active in a plant . 

12. Transgenic plant according to the claim 
11, characterized in that the nucleotide construct has a 
nucleotide sequence corresponding to at least 8 0%, 

3 0 preferably at least 90%, of the nucleotide sequence of TGB2 
of said virus or its complementary cDNA. 

13. Transgenic plant according to the claim 
11 or 12, characterized in that the virus is selected from 
the group consisting of hordeiviruses , benyviruses, 

35 pecluviruses and pomoviruses, preferably selected from the 
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group consist ing of the beet necrotic yellow vein virus, 
the barley stripe mosaic virus, the potato mop top virus, 
the peanut clump virus and the beet soil -borne virus. 

14. Transgenic plant according to the claims 
5 11 to 13 being a plant selected from the group consisting 

of sugar beet, potato, barley or peanut. 

15. Transgenic plant according to the claims 
11 or 12, characterized in that the transgenic plant being 
a beet, preferably a sugar beet ( Beta vulgaris ) the virus 

10 is BNYW and the nucleotide sequence of TGB2 of said virus 
is comprised between the nucleotides 3287 and 3643 of the 
5 1 strand of genomic or subgenomic RNA 2 of BNYW or its 
corresponding cDNA. 

16. Transgenic plant according to any of the 
15 preceding claims 11 to 15, characterized in that the 

regulatory sequence comprises a promoter sequence and a 
terminator sequence active in a plant. 

17. Transgenic plant according to any of the 
preceding claims 11 to 16, characterized in that the 

20 regulatory sequence (s) comprise a promoter sequence which 
is a constitutive or a foreigner promoter sequence. 

18. Transgenic plant according to the claim 
17, characterized in that promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 

25 promoter, and/or the polyubiquitin Arabi dops i s tha liana 
promoter. 

19. Transgenic plant according to claim 17 or 
18 characterized in that the promoter sequence is a 
promoter which is capable of being active mainly into root 

3 0 tissues, such as the par promoter of the haemoglobin gene 
from Perosponia andersonii . 

20. Transgenic plant tissue selected from the 
group consisting of fruit, stem, root, tuber, seed of a 
plant according to any of the preceding claims 11 to 19. 
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21. Transgenic plant according to any one of 
the claims 11 to 19, characterised in that it further 
carries natural tolerance to Group I viruses. 

22 . Transgenic plant according to any one of 
5 the claims 11 to 19 and 21, characterised in that it 

further comprises a pesticide, herbicide or fungicide 
resistance, preferably a resistance selected from the group 
consisting of nematode resistance, glyphosate resistance, 
glufosomate resistance and/or acetochloride resistance. 

10 



WO 00/553( 



Inventor JONARDeial. 
Docket No.: 9997.34USWO 

Tide: N^feD FOR INDUCING VIRAL RESISTANCE INTO A PLANT 
Attomej^^B: John J, Gresens (Reg. No. 33,1 12) 
PhoneNo^l2.37L5265 
Sheet 1 of 2 



09/936011 



T/EP00/02176 



3287 ATGTCTAGQGAAATAACCGCT^ 
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3347 GTreT ^ 
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3587 CmTDCAMGAT^^ 3543 
LLQRLRSPPEHICNGACG* 



FIG. 1 



3287 ATCTCTAGGGAA&TAACOGCT 

MSREITARPNKNVP I V V G V C , - 

3347 GTIUTGXTITUmCT 

VVAFFVLLAFMQQAAATHSG - 

3407 GG3mTTAa3GAGTCr^ 

GDYGVPTFSNGGIYRDGTRS - 

3467 GCTCATTITMTAGTAACA 

ADFNSNNHRAYGCGGSGGSV - 

3527 AGTAGTOSaGTIGGG^ 

SSRVGQQLIVLAIVSVLIVS - 

3587 C1ATTACAACGATTAACCT 3543 
LLQRLRSPPEH ICNGACG* 



FIG. 2 
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<213> Beet necrotic yellow vein virus 
<400> 2 

Met Ser Arg Glu lie Thr Ala Arg Pro Asn Lys Asn Val Pro lie Val 
1 5 10 is 

Val Gly Val Cys Val Val Ala Phe Phe Val Leu Leu Ala Phe Met Gin 
20 25 30 

Gin Lys His Lys Thr His Ser Gly Gly Asp Tyr Gly Val Pro Thr Phe 
35 40 45 

Ser Asn Gly Gly lie Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Asn 
50 55 60 

Ser Asn Asn His Arg Ala Tyr Gly Cys Gly Gly Ser Gly Gly Ser Val 
65 70 75 80 

Ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala He Val Ser Val 
85 90 95 

Leu He Val Ser Leu Leu Gin Arg Leu Arg Ser Pro Pro Glu His He 
100 105 no 

Cys Asn Gly Ala Cys Gly 
115 



<210> 3 

<211> 357 - . 

<212> DNA 

<213> Beet necrotic yellow vein virus 

<220> 

<221> CDS 

<222> (1) . . (354) 

<400> 3 

atg tct agg gaa ata acc get cga ccc aat aag aat gtg cct ant gtt 48 

Met Ser Arg Glu He Thr Ala Arg Pro Asn Lys Asn "Val Pro He Val 

1 5 10 15 

gtt ggt gtt tgt gtt gtg get ttc ttt gta ttg ctg gcg ttc atg cag 96 
Val Gly Val Cys Val Val Ala Phe Phe Val Leu Leu Ala Phe Met Gin 
20 25 30 

caa gca get gcg aca cat tct ggg ggt gat tac gga gtc cca aca ttt 144 
Gin Ala Ala Ala Thr His Ser Gly Gly Asp Tyr Gly Val Pro Thr Phe 
35 40 45 

tct aac ggt ggt ata tat aga gac ggt aca aga tea get gat ttt aat 192 
Ser Asn Gly Gly He Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Asn 
50 55 60 

agt aac aat cat cgt get tac ggg tgc ggt ggg tct ggg ggt age gtt 240 
Ser Asn Asn His Arg Ala Tyr Gly Cys Gly Gly Ser Gly Gly Ser Val 
65 70 75 80 

agt agt cga gtt ggg cag caa ctt att gtg tta get att gtt tct gtg 288 
Ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala He Val Ser Val 

2/3 
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SEQUENCE LISTING 

<110> CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE 

<120> METHOD FOR INDUCING VIRAL RESISTANCE INTO A PLANT 

<130> P. SES . 03/EP 

<140> 99200773.2 
<141> 1999-03-12 

<160> 4 

<170> Patentln Ver . 2.1 

<210> 1 
<211> 357 
<212> DNA 

<213> Beet necrotic yellow vein virus 

<220> 

<221> CDS 

<222> (1) . . (354) 



<400> 1 

atg tct agg gaa ata acc get cga ccc aat aag aat gtg cct att gtt 
Met Ser Arg Glu lie Thr Ala Arg Pro Asn Lys Asn Val Pro lie Val 



48 



1 5 10 



15 



gtt ggt gtt tgt gtt gtg get ttc ttt gta ttg ctg gcg ttc atg cag 96 
Val Gly Val Cys Val Val Ala Phe Phe Val Leu Leu Ala -Phe Met Gin 
20 25 30 

caa aaa cat aag aca cat tct ggg ggt gat tac gga gtc cca aca ttt 144 
Gin Lys His Lys Thr His Ser Gly Gly Asp Tyr Gly Val Pro Thr Phe 
35 40 45 

tct aac ggt ggt ata tat aga gac ggt aca aga tea get gat ttt aat 192 
Ser Asn Gly Gly lie Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Asn 
50 55 60 

agt aac aat cat cgt get tac ggg tgc ggt ggg tct ggg ggt age gtt 240 
Ser Asn Asn His Arg Ala Tyr Gly Cys Gly Gly Ser Gly Gly Ser Val 
65 70 75 80 

agt agt cga gtt ggg cag caa ctt att gtg tta get att gtt tct gtg 288 
Ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala He Val Ser Val 
85 90 95 

tta ata gtg tea eta tta caa cga tta agg tct cca cca gaa cac att 336 
Leu He Val Ser Leu Leu Gin Arg Leu Arg Ser Pro Pro Glu His He 
100 105 HO 

tgt aat ggt get tgt ggt taa 357 
Cys Asn Gly Ala Cys Gly 
115 



<210> 2 
<211> 118 
<212> PRT 
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85 90 



95 



tta ata gtg tea eta tta caa cga tta agg tct cca cca gaa cac att 
Leu lie Val Ser Leu Leu Gin Arg Leu Arg Ser Pro Pro Glu His lie 
100 105 110 

tgt aat ggt get tgt ggt taa 
Cys Asn Gly Ala Cys Gly 
115 



336 



357 



<210> 4 
<211> 118 
<212> PRT 

<213> Beet necrotic yellow vein virus 
<400> 4 

Met Ser Arg Glu He Thr Ala Arg Pro Asn Lys Asn Val Pro He Val 
1 5 io 15 

Val Gly Val Cys Val Val Ala Phe Phe Val Leu Leu Ala Phe Met Gin 
20 25 30 

Gin Ala Ala Ala Thr His Ser Gly Gly Asp Tyr Gly Val Pro Thr Phe 
3 5 40 45 

Ser Asn Gly Gly lie, Tyr Arg Asp Gly Thr Arg Ser Ala Asp Phe Asn 
50 55 60 

Ser Asn Asn His Arg Ala Tyr Gly Cys Gly Gly Ser Gly Gly Ser Val 
55 7 ° 75 so 

Ser Ser Arg Val Gly Gin Gin Leu He Val Leu Ala He Val Ser Val 
85 90 95 

Leu He Val Ser Leu Leu Gin Arg Leu Arg Ser Pro Pro Glu His He 
100 105 no 

Cys Asn Gly Ala Cys Gly 
115 
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3287 AICTCiaQ3GAAZraum3^^ 1U1 lo i ' HJbaumL?! - 

MSREITARPNKNVPIVVGVC 

3347 CTTGTCGCITICITrcTAria^ 

VVAFFVLLAFMQQKHKTHSG 

3407 GCTSOT^OGGfiGTCOCA?^^ 

GDYGV PTF SNGG IYRDGTRS 

3467 QCTGA:mTAM ^^ 

ADFNSNNHRAYGCG 



G S G G S V 



3527 



SSRV.GQQLI 



^TATIGTntnGTCITAAISGTCTCA 
VLAIVSVLIVS 
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LLQRLRS PPEH ICNGACG* 
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